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SUMMARY 
The determination of imidazolidine-2-thione (ETU), at residue 
levels in crops, in ethylenebisdithiocarbamates (EBDC) and 
on interaction with microorganisms and soils has been investigated 
using both a direct HPLC method or after derivatisation with 
phenacyl halides. 
Initially a direct HPLC method of analysis of ETU was established, 
but it lacked good sensitivity and selectivity. In order to 
increase these HPLC parameters, reactions of ETU with a range 
of phenacyl halides were carried out. From these reactions 
imidazo L2,l-~7 thiazole, derivatives, were formed. The structures 
of these derivatives were confirmed by elemental and by 
spectroscopic methods. Most suitable derivatisation reaction 
was investigated for the purpose of analysis of ETU at residue 
levels. Separations of these derivatives were attempted using 
different HPLC conditions. From the comparisons of the yields 
of the reactions and of separations of the above derivatives 
on HPLC, 3_(p_nitrophenyl)-5,6-dihydroimidazo {i,l-EI thiazole 
was selected to be most suitable for the analysis of ETU. 
The simpler, direct HPLC method of analysis was used to establish 
the extraction method of ETU from whole, coarsely chopped or 
macerated lettuces. Coarsely chopped treatment of the lettuces 
was most suitable. 
Both analytical methods were applied to determine the levels of 
ETU for the study of: the degradation of ETU and EBDC on lettuces 
xvii 
following spraying or in lettuces that had taken up ETU or EBDC 
from soils treated with ETU or EBDC; extraction of ETU from 
different parts of the leaves of the lettuces; photolytic 
degradation of ETU in the extracts of the lettuces; determination 
of recoveries and limit of detection of ETU from different crops 
spiked with ETU; any interactions of ETU with different 
microorganisms or with soils. The analytical methods were also 
used as part of a collaborative study of ETU detection including 
several industrial and governmental laboratories. 
Although both direct HPLC and derivatisation HPLC methods can 
be applied to determine ETU at residue levels, the latter method, 
however, offers a greater potential to determine ETU at low 
(0.04 ng) levels. 
C H APT E R 
ONE 
1 
1. I N T ROD ue T ION 
The aim of this project was to develop an improved HPLC tech-
nique to determine ethylenethiourea (ETU; 2-imidazolidinethione, 
I; Fig. 1) and to use it to investigate the degradation of ETU 
in the presence of crops, micro-organisms, and soil. 
s 
A 
HN NH 
LJ 
Fig. 1: The structure of ethylenethiourea, ETU (1) 
The determination of ETU is important as this chemical has been 
reported to possess carcinogenic, mutagenic, teratogenic, and 
goitrogenic activities in animals. l 
ETU is a degradation product2 of the widely used group of fungi-
cides, the metallic salts of ethylenebisdithiocarbamates (EBDCs; 
II)3,4 (Fig. 2). 
[
NH)=S + eS 2 + S + M
2+ + 2e-
NH 
(I) (Ill) (IV) 
salt of EDBC (M = Mn, Mn-Zn, 2Na or Zn) 
Fig. 2: Degradation of EBDC to ETU 2 
2 
The degradation product, propylenethiourea (PTU (V); 4-
methyl-2-imidazolidinethione; Fig. 3), from the related pro-
pylenebisdithiocarbamate «VI); propineb) has recently (1982) 
been reported5 to possess similar biological properties to 
those of ETU. 
s 
11 i NH- C- S 
CH3-LNH-C_S -
11 
Mn 2+ ) 
2+ CS 2 + S + Mn + 2e-
S 
(VI) (V) 
Fig. 3: Degradation of propineb to propylenethiourea 5 
1.1 EBDC and dithiocarbamates (DTC) 
The DTCs may be regarded as the derivatives of dithiocarbamic 
acids (Fig. 4).4 
Fig. 4: Dithiocarbamic aCid
q 
The simplified synthesis of DTCs (or EBDCs) involves the reaction. 
of carbon disulphide with a primary amine, a secondary amine or a 
diamine (Fig. 5) in aqueous or in alcoholic solutions. G,7 
[NH2 
NH2 
Fig. 5: 
+ or 
) 
J 
r'H-CSS_ 
4H --<::SS 
Simple synthesis of EBDC 6 ,7 
+ H NJ + 3 H3 N 
+ 
(70%; inner salt) 
(30% ) 
As well as the use of EBDCs as effective fungicides, they have 
been used as vulcanizers,8,9 as stabilizers in the rubber industry. 
and as a means of detecting heavy metal ions lO- 12 in analytical 
methods. 
1.2 EBDC and protection of crops 
EBDCs are mainlY used as salts of: manganese-Zinc complex 
(mancozeb); manganese (maneb); zinc (zineb); and disodium 
(nabam) metal ions. They are usually applied as a spray to 
crops, fruits, and vegetables, and sometimes on soil and seeds 
. 3 4 13-21 to prevent a wide variety of agricultural fungal d~seases. ' , 
The main types of fungal diseases include: early blight and late 
blight, mildew, blue mould, stem rust and red stele (Table 1). 
The uses of specific EBDCs and the amount applied to crops 
varies with the season of the year, the type of the crop and 
the type of agricultural soil. 3 ,4 This is because different 
soils and crops may require different fungal control (Table 
1) .3,4,13-21 
The quantity of fungicides used worldwide, according to the 
4 
Table 1: Trade names and systemic nomenclature of 
Fungicide 
Mancozeb 
Maneb 
Zineb 
Nabam 
fungicides and their uses in fungal control 
Systemic Nomenclature 
(name in Chemical Abstracts) 
Manganese [(diylbis-carbamo-
dithiato{2-) -1, 2-ethane] 
mixed with zinc [(diylbis-
carbamodithiato(2-)-1,2-
ethane] 
Manganese [(diylbis-carbamo-
di thia to) (2-) -1, 2-ethane] 
Zinc [( diylbis-carbamo-
dithiato(2-)-1,2-ethan~ 
Disodium [(diylbis-carbamo-
dithiato(2-)-1,2-ethan~ 
Fungal 
, control 
Early and 
late blight 
Early and 
late blight 
mildew 
Early 
blight 
blue mood 
stem rust 
septoria 
Late blight 
red stele 
Refer-
ences 
3, 4 
13-18 
13, 
14-18 
19-21 
Table 2: Usage of dithiocarbamates as fungicides in the 
world from the year 1974 to 1982 22 
Country 100 kg of dithiocarbamates used 
1974/76 1980 1981 1982 
Africa 30 729 795 Not 
available 
N. America 15,508 78,350 98,350 84,000 
S. America 2,918 35,890 10,424 18,968 
Asia 31,340 136,330 83,868 59,759 
Europe 224,018 220,815 174,415 145,966 
Total 273,814 472,144 367,652 308,693 (100 Kg ) 
" 
5 
data published in Food and Agricultural Organisation of the 
united Nations (FAO/UN) 2~ had been several hundred tons 
(Table 2). The quantity of fungicide decreased from year 
1980 to 1982 (Table 2). This may be because of increased 
fungicidal effectiveness (on crops) of newly manufactured 
dithiocarbamates. 
1.3 Degradation of EBDC to give active fungicidal products 
The EBDCs (II) have been reported to be unstable under agri-
cultural,3 storage,18,23-26 and aqueous conditions. 27- 31 
Degradation of EBDCs (II) has been suggested
3 to take the pos-
sible routes summarised in Figure 6. EBDC (II) in an acidic 
soil can be either transformed to a neutral EBDC (VII)3 or in 
aqueous solutions it has been claimed to be oxidised to ethyl-
enethiuram·disulphide, ETD (VIII), with the reduction of the 
metal ion from (+2) state to (+1) state. 3 ,31 The mechanism by 
which the ETD (VIII) molecule then degrades to a 5,6-dihydro-
3-H-imidazo(2,1-c)-1,2,4-dithiazole-3-thione (DIDT) (IX); also 
known as ethylenebis(isothiocyanate)sulphide has been claimed31 
to be due to a loss of hydrogen sulphide. It has been pro-
posed that the DIDT (IX) molecule may loose a sulphur atom to 
form ethylenediisothiocyanate, EDI (X),3 however this route 
has not been confirmed in the other reports 31( Fig. 6 ). 
Initially DIDT (IX) was referred to as ethylenethiuram 
mono sulphide (ETM) and was assigned the structure in Figure 7. 
6 
Fig. 6: The degradation route of EBDC under agricultural 
conditions 3 or acidic aqueous conditions 31 to give 
some of the effective fungicidal compounds 
n -H S31 n 
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Fig. 7: Ethylenethiuram monosulphide 3 ; ( ETM) 
The degradation products of EBDCs: DIDT (IX)f 8 ,20,23-3l; 
ETD (VIII)and sUlPhur,(IV)f 8 ,23,3l hydrogen sUlPhide;26,3l 
and EDI(X1l (Fig. 6) molecules have been detected by a number 
f k 'th' t d' f B h' h' 1 d 18 ,23-26 o wor ers ~n e~r s u ~es 0 E DC, w ~c ~nvo ve storage, 
aeration,20,25 interaction with plants,28,29 or degradation of 
EBDC under the alkaline or acidic conditions. 27- 3l 
It has been suggested29,3l~that initially a DIDT (IX) molecule, 
in plants or in acidic solutions, is reduced and the subse-
quent molecule, which is formed, looses carbon disulphide 
molecule to form ETU. It has been claimed3l that EBDC (VI;I) 
in aqueous systems, can loose two consecutive molecules of 
carbon disulphide, initially to give S-aminoethyl dithio-
carbamate (XI) and then ethylene-diamine (XII) (Fig. 6). 
Both ethylenediamine (XII) and carbon disulphide (Ill) have 
also been detected in the other studies18 ,23,26 after the 
degradation of EBDC (Fig. 6). 
Several neutral EBDC (VII) molecules may loose (in agricul-
tural conditions) hydrogen sulphide 3 and combine to give a 
polymer, polyethylenethiuram monosulphide, PETM (XIII) (Fig. 
6). This polymer has also been detected in most of the above 
studies. 3 ,18,20,23-27,30 
1ft see also ref. 212 
- -------------------
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The effectiveness of EBDC-fungicides on crops has been pro-
posed to be mainly due to either su1Phur,3 ETD (VIII),3,lS,23 
EDI (X),3,24 PETM (XIII),3,20 DIDT (IX)3,18,20,25,27 
(Fig. 6). Of these degradation products of EBDCs, PETM 
(XIII) (Fig. 6) has been claimed to be the most effective 
fungicide. 3, 20 
ETU, as a contrast, has been reported by B1azquez32 to lack 
fungicidal activity based on other researchers' work. 13 ,33-35 
In addition ETU has been claimed to be not fungicidal to C. 
sorokiniana, F. moniliforme, H. sativum, P. rugulosum, 
R. solani, T. vi ride and C. cumerinum. 36 
1.4 ETU as the degradation product of EBDC 
It has been reported in similar studies to the above (for con-
di tions see section 1. 3 para 1) ((using detection methods for 
ETU: thin layer chromatography (TLC); gas liquid chromato-
graphy (GLC); or high performance liquid chromatography 
(HPLC» that the concentration of ETU varied between 0.01% 
to 2.5%, from one EBDC type to the other. 25 ,26,28-30,32,37-40 
The concentration of ETU, in EBDC, increases if the sample is 
left for a longer period under most of the above con-
ditions. 26 ,2S,29,32,37-39 The value of concentration of 
ETU in EBDCswasaminimum in the presence of copper ions 40 ,41. 
and. maximum at pH of 7. 41 In the former studies 40 EBDC 
was reported to form stable complexes with copper ions. 
LesSage 40 reported the formation of ethylenediamine (XII) 
9 
and carbon disulphide (Ill) in acidic solutions of EBDC and 
the formation of ETU (I) and carbon disulphide in basic 
solutions of EBDCs. This suggests that the degradation pro-
ducts of EBDCs are pH dependent and may arise as a result 
of different (degradation) mechanism. The degradation of 
maneb has been c1aimed42 to take place faster in methanol 
(0.17% ETU in EBDC) than in water (0.13% ETU in EBDC). 
Food crops sprayed with EBDCshave been shown to contain ETU 
at residue 1eve1s. 38 ,42,43 Similarly if EBDCs were heated, 
an increased concentration of ETU (0.01 to 0.1 ~g/g)44,45 
was observed compared to the non heated ones (~ 0.05 ~g/g). 
This also supports the previous observations of the effects 
of heating dried EBDCs, which also increased ETU content. 32 
A large variation for the signal at the retention time of 
ETU, corresponding to a concentration of 0.01 to 0.1 ~g/g 
in the untreated crops has been claimed in a number of reports 
using TLC, GLC or HPLC detection methods. 46-52 
1. 5 Synthesis and physical property of ETU 
ETU may be synthesized by refluxing ethylenediamine with 
carbon disulphide for thirty minutes, removal of the excess of 
carbon disulphide, addition of hydrochloric acid and refluxing 
for one hour, 
to give white 
cooling and recrysta11ising 
o 53 
crystals, m.p. 197 C. 
twice from ethanol 
-_._---_ ... - -_ .. _-------------
10 
ETU has been reported to possess three resonant forms (I f ;£·il·' & I h ) 
(Fig. 8)54 and tautomeric forms, I, le and Id. 54- 56 
I la 
2-imidazolidinethione 
SH 
A 
N NH 
LI 
Id 
2-mercapto-2-imidazolidine-
thione 
Fig. 8: ETU and its resonant and tautomeric forms 54- 56 
The C-S bond of ETU has been claimed to have about 20% double 
bond character. 56 
The crystal structure, proton andlJ·carbon nuclear magnetic resonace 
.s.pectra ,,54 a pk
a 
value,55 dipole moment in dioxane,56 
flash point,57 UV spectrum,58 infrared spectrum 59 and 
oxidation potential 60 of ETU have all been reported. 
ETU is soluble in most polar solvents: acetone, chloroform, 
dimethylformide, ethanol and water; this is probably because 
it has been claimed to possess a weakly acidic mercaptan 
(S-H group), weakly basic amino (N-H) groups and an inter-
mediate polarity.56 
I. Chemical properties of ETU 
Because ETU has a C-SH site and N-H sites, it can react as 
----------------- --
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Table 3: Typical reactions of ETU with reagent to give 
products 
Reaction of 
ETU at site Reagent Product Reference 
sulphur chloral 2-(1-hydroxy-2,2,2 
-
61 
trichloroethylthio)-
2-imidazoline [N" rS-rH-CC13 
NH OH 
alkyl halide 2-(alkylthio}-2- 62-66 
imidazoline 
nitrogen acetyl 1-(acetyl)-2- 67-69 
(N-H group) chloride imidazolidinethione 
acetic 1,3-di(acetyl}-2- 67 
anhydride imidazolidinethione 
benzoyl 1,3-di(benzoyl)-2- 69' 
chloride imidazolidinethione 
chloroacetic 1- (chloroacetyl)-·2- 70 
acid imidazolidinethione 
2,6-dichloro- Unknown structure 71 
quinone-4-
chlorimide 
sulphur and haloketones imidazo [2,1-b]- 72-73 
nitrogen (phenacyl thiazoles 
halides) 
12 
an acidic thiol or as a basic amine. The thiol reaction of 
61 0 62-66 ETU takes place with chloral, alkyl halidesor aryl hal~des 
while amine reactions (of ETU) occur with acetyl or benzoyl 
chloride67- 69 (Table 3). 
ETU with benzoyl chloride or acetic anhydride, in chloroform, 
in the presence of triethylamine can yield either the mono-N-
substituted6~68: or the di-N-substituted derivative.67,69The 
S-(alkylthio)- or S-(arylthio)- derivative of ETU may react 
further with acetyl chloride or benzoyl chloride to give S-
(alkylthio)-N-acetyl or S-(arylthio)-N-acetyl derivatives 
(p •. 38 )~7 In this way ETU can be substituted both at sulphur 
and nitrogen sites. These above derivatives have been used 
to detect and assay ETU (see pp. 37 . , GLC methods) • 
Reactions of ETU with chloroacetic acid70 and 2,6-dichloro-
o 4 hI 0 Od 71 h 1 b t d qu~none- -c or~m~ e ave a so een repor e • The product 
from the latter reagent, which may be a potential derivative 
to detect ETU, has been claimed to be stable for only about 
thirty minutes. 71 
Cyclisation reactions of ETU, in which both nitrogen and 
sulphur sites react with a single reagent are also known. 
In these reactions ETU react with either haloaldehydes (2-
bromoethyl aldehyde or 2-bromopropyl aldehyde) or halo-
ketones (phenacyl halides: bromomethyl phenylketones '.. 2-
bromomethyl benzylketone. 2-bromoethyl phenyl ketone , , 
2-bromobenzyl methylketone, bromophenyl benzylketone, and 
bromomethyl,2,3,4-trihydroxyphenylketone72 ) to form 
13 
imidazolethiazoles. Similar reactions of ETU with only a 
few of these phenacyl halides, have also recently been 
73 
reported. 
Because the sulphur and nitrogen atoms of ETU contain the 
necessary lone pairs of electrons to form coordination bonds, 
a range of complexes with different transition metal ions 
74-82 have been prepared. The general formula of the com-
plexes is M(ETU)a Xb , where M is the metal ion 
+ (Ag , + Au , 
C 2+ o , N,2+ ~ , C 2+ u , Z 2+ n , H 2+ . g , Pb2+ , Mn 2+ Fe2+), 1 to or a = 
- - - -6 and Xb are the anions (Cl , Br , I , N02 or SCN ) . 
:H. Industrial uses of ETU and of its derivatives 
Some of the products of ETU with reagents such as chloral, 
phenacyl halides and 3-hydroxyphenacy1 ha1ide's have 
respectively been used as pesticides,6l as anthelmintic and 
... 1 83 pharmaceu .. l.~a s. Some of the other derivatives of ETU 
,. 
have been claimed to be useful as herbicides and plant growth 
regulators. 84 
ETU also plays a varied and important role in chemical indus-
tries. For example, in cotton dyestuff to give stronger 
print;8S as an additive to form a photoresist layer on copper 
foil;86 in colour photographic processes to prevent retar-
dation of fixing time by bleach promoting agent. 87 ETU has 
been widely used asmaccelerator in rubber and polymer 
industries,88 and as vulcanizer for epichlorohydrin for 
chlorobutyl polymers and elastomers. 89 - 9l 
ETU has also been employed as a stabiliser against oxidative 
discoloration of methylacrylonitrile!co-polymers,92 against 
aromatic amines,93 and against gelling of alkyl POlysiloxanes. 94 
It has also been used as an antikinking agent in the production 
of X-ray films. 95 
1.6 Degradation of ETU 
It has been claimed that ETU can be degraded by: chemical 
. 96-100 react~ons; by photolytic reactiQnsr 8,53,101,102 
and on interaction with soil,32,36,39,103 Plants 24 ,28,32,104-l10 
or with animals (i.e., inclusion of ETU in diet)5,24,38,111,112 
(Fig. 9). However, in one studylOl ETU was claimed to be 
fairly stable in aqueous solutions, in sunlight from 0.5 ~g/ml 
to 50 ~g/ml to acidic conditions (pH 5.0) or to basic conditions 
(pH 9.0) at normal room temperatures, and for three months at 
90oC. 
I. Chemical reactions of ETU 
96 97 . Evidence has been presented, , wh~ch suggests that ETU in 
an aqueous base in sodium hypochlorite oxidizes sequentially 
to 2-imidazolin-~yl-sulphenate (XIV), 2-imidazolin-2yl-
sulphinate (XV), 2-imidazolin-~yl-sulphonate (XVI), and 
finally to ethyleneurea, EU (XVII) plus sulphate ions (XVIII) 
(Fig. 10). 
Hydrogen peroxide, which only converted ETU to 2-imidazolin-
2yl-sulphonate (XVI), appears to be a weaker oxidizing agent 
Fig.: 9: Summary of degradation of ETU by chemicals, 
light, plants, soils, and animals ;. 
o 
}\ 
(COOH) 2 
oxalic acid 
(24,96,97) 
HN NH (24, 
~ 
.53,102) NH NH 
LJ 
(XVII) (24,28,36,39, 
i :5'96'97~2'103) hydantoin a-e /,d 
ETU (I) ------~) NH 2-CH 2-CH 2-NH 2 
a,e (24,96,97) 
H2N-CH2-COOH~(------­
b,c 
glycine 
(39,102) ethylenediamine (XII) 
~'b, 
/ ~~d 
unknown (28 ) 
n 
HN N CO 2 
V 
H o urea (24) 
carbon dioxide 
(36,102,103) 
imidazo1ine (39,53,102, 
N 104) 
[~)-9" 
S 
Jaffe's base (XX) 
[1-(2-imidazo1in. -2y1)-2-imidazo1idinethion~ 
(24,28,39,105) 
where: a = chemical reaction 
b = photochemical reaction 
c = soil interaction 
d = plant interaction 
e = animal interaction 
(after oral administration of ETU) 
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S- 0 0= s-o 0=1=0 
CO] 
ETU--"-+ 
± A ~Ol + A COl t~NH tol' HN NH ---. HN NH----').... ~ + S02-
4 LJ LJ LJ 
(I) (XIV) (XV) (XVI) (XVIII) 
2-imidazolin-~1-
sulphenate 
ethylene- sulphate 
sulphinate sulphonate urea 
Fig. 10: Oxidative decomposition of ETU with sodium 
hypochlorite 96 ,97 
than sodium hypochlorite. 96 The 2-imidazolin-~1-sulphinate 
(XV) can also be hydrolysed with 3M ammonium hydroxide to 
EU (XVII) and sUlpha teions (XVLlI). 96 
ETU, in the presence of either sodium hypochlorite or potassium 
iodide/iodine solutions,98,99 also forms the intermediate, ETU-
disulphide (XIX), and then Jaffe's base, [1-(2-imidazolin-~1) 
-2-imidazolidinethione] (XX)96,97 (Fig. 11). Conversion of 
ETU-disulphide (XIX) to Jaffe's base (XX) has indirectly been 
confirmed by the hydrolysis of the former chemical (XIX) in 
b 'I' 99,100 o~ ~ng water. Jaffe's base (XX) can be hydrolysed, in 
the presence of a strong alkali, to EU (XVII) and to 
(Fig. 11). 
S 
sodium 
hypo- N, 
2ETU~rit[ ~S- s-« ] 
(96,97) N ~ 
'tH(\N-{NJ 
o L.J '1 
-S H 
(I) (XIX) (XX) 
ETU-disulphide Jaffe's base 
sulphate ions 
. 2-
-_, EU+S0 4 OH r 
(XVII ) 
Figure 11: Formation of Jaffe's base (XX) from ETU 96 ,97,99,100 
and subsequent reaction 
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Of the above degradation products of ETU, only 2-imidazolin-
~1-sulphonate (XVI), ETU-disulphide (XIX) and Jaffe's base 
(XX) have been claimed96 to be confirmed by mass spectrometry. 
It was reported that ETU-disulphide (XIX) (in aqueous solu-
tions) may rearrange to form the sulphide (XXI)96 (Fig. 12). 
ETU-
disulphide 
(XIX) 
Rearrangement 
) 
(96) 
s 
~ . H 
HN N-S~J 
LJ 
(XXI) 
Fig-; 12: Rearrangement of a ETU-disulphide to give a 
(1-(2-imidazolin-6yl)-2-imidazolidinethione) 
sulphide (XXI)96 
It has been proposed 96 ,97 that in acidic aqueous conditions 
(sodium hypochlorite), a homolytic cleavage of the C-S bond 
of the imidazolin-2~-sulphinate (XV) results in the formation 
of a radical ion pair (XXII) (Fig. 13). 
Decomposition of this radical ion pair (XXII) and dimerisation 
of each of two imidazolineradicals and sulphur dioxide radicals, 
results (in the presence of sodium hypochlorite) in the for-
mation of a bi-imidazoline-dihydrosulphate (XXIII) .96,97 
The molecule, bi-imidazoline (XXIII), has been claimed97 to 
be moderately stable in water and decomposes slowly to NN:bis 
(aminoethyl)_oxamide (XXIV) or in stronger alkali, it decom-
poses to ethylenediamine (XII) and oxalic acid (XXV) 
(Fig. 13). 
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2-imidazolin-2~1-sulphinate (XV) 
1 sodium hypochlorite 
• 
• 
H A HS0 3 
[
N NH +~ ~ tt, H SO E-HN NH 
N~~' 2 4 ~ 
(99) 
) N Im2+ (XXVI) '" LJ 
H (96,97) 
(XXIII) 2 molecules/ sodium hypo- radical lon palr 
2-imidazoline hydro-
sulphite 
chlorite 
Bi-imidazoline dihydrosulphate 
'96,97) 1 0'- or .,0 
H2N-CH2-CH2-NH-CO-CO-NH-CH2-CH2-NH2 
(XXIV) NN' -bis(aminoethyl)oxamide H N-CH -CH -NH-CHO 222 
1 'tron9 alkali 
2H 2N-CH 2-CH 2-NH 2 + (COOH)2 
(XII) (XXV) 
ethylened,iamine oxalic acid 
(XXVII) 
H2N-CH 2-CH 2-NH 2 
(XII) 
Fig. 13: Hydrolysis of the subsequent products of ETU in 
the presence of sodium hypochlorite, water, or 
an alkali96 ,97 
The radical ion pair (XXII), in water or alkali, may also 
give 2-imidazoline hydrosulphite (XXVI), which slowly (or 
readily in strong alkali) deco.mposes to N-formylethylene-
o 
11 
+ H-C-OH 
(XXVIII) I 
formic 
acid 
diamine (XXVII) and then ethylenediamine (XII) plus 
acid99 (Fig. 13). 
formic 
19'" 
Formation of a ethylenediamine (XII) and Jaffe's base (XX) 
have previously been claimed to be the decomposition products 
of ETU by alcoholic hypobromous acid or hypochlorous acid. 99 ,100 
II. Photolysis of ETU 
Photolysis of ETU takes place on irradiation with a UV wave-
length of 285 nm. lOl Although Helling36 could not confirm 
the photodegradation of ETU in aqueous solutions in sunlight, 
Lyman38 reported rapid loss of ETU, from agricultural .water to 
which ETU was added. Different photolytic products of ETU 
have been reported and these are: 2-imidazolin-~1-sulphinate 
(XV) ;53 EU (XVII), bis(imidazolin-~l)sulphide; :101 
imidazoline, hydantoin (2-imidazolidione); and glycine sul-
Phate. l02 Of these photolytic products, EU (XVII) has been 
proposed to degrade further to hydantoin and then glycine 
102 
sulphate (Fig. 9). 
Photodegradation of ETU has been reported53 ,101,102 to increase 
in the presence of photosensitisers such as methylene blue, 
acetonaphthone, I-naphthaldehyde, benzophenone, and riboflavin. 
1I1. Degradation of ETU in soil and water 
Degradation of ETU, in agricultural soil may occur rapidly.36,39 
Different degradation products, of ETU, observed were: carbon 
dioxide,36 EU ,(XVII) 3f,39 Jaffe's base (XX), imidazoline, 
hydantoin, and glycine. 39 Carbon dioxide was trapped by sodium 
20 
hydroxide and other products had been claimed to be detected 
by TLC. In these experiments, ETU was initially labelled 
with l4C at the ethylene moiety and the products detected by 
autoradiography. 
Further work was reported in sterile and non-sterile samples 
of water and soil to which ETU was added. Degradation of 
ETU in non-sterile ditch water,32 in agricultural water,38,102 
or in soill03 has been reported to be faster than in corres-
ponding sterile samples. This was proposedl0 3 to be due to 
the microbial degradation of ETU, but no such report of direct 
involvement of micro-organisms with ETU has come forward. 
These reports agreed only on some of the degradation products 
of ETU. These were hydantoin,102 carbon dioxide,3S,103 or 
EU ( XVII )1.02,103 
IV. Degradation of ETU on plants 
Degradation of ETU on plants has been reported (see below) 
either after adding ETU to the plants, after spraying ETU on 
to plants, or after ETU had been taken up into the plants from 
the soil. In some of these studies ETU was also replaced by 
EBDCs. In these studies only leaves of the plants were 
extracted, prior to detection for the assay of ETU. 
Some of the ETU has been reported24 ,29,39,104,10S,106 to be 
unrecoverable after it (ETU) was left in the extracts of plants 
or in contact with food. This was reported, by the above 
---------------
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authors, to be due to degradation, absorption or adsorption 
of ETU. The degradation products of ETU were reported to 
be: EU, (XVII) Jaffe's base,(XX) hydantoin,otn.cl 
glycine,24,39 imidazoline, ,24',39,104 and 2-imidazoline hydro-
sulphite (XXVI), 2-imidazoline-2yl-sulphonate (XVI), EU, XVII, 
4- (methyl) ,-2 -imidazolidinethione and Jaffe' s base (XX) .105 
In the last report, in which ETU (0.1 to 1.0 IJg/g) was stored 
for four weeks in pickles, apple sauce, tomato sauce or spinach, 
only 0.1 to 5% (in tomato, apple sauce and pickles) or 9 to 
12% (in spinach) of ETU was recoverable. lOG 
Degradation 
potatoes, 32 
studies of ETU were reported after spraying ETU on 
24 32 38 39 39 107 tomatoes, , , , beans, and lettuces. 
ETU was stated to degrade rapidly to undetectable levels. 24 
ETU was claimed to be below the detection limit after sixth 
day 32 in potatoes or after the seventh day in lettuces.107 
In one stUdy,38 ETU could still be detected (24%) on the 
ninetieth day. This was probably because a very large quan-
tity of ETU (15-20 Ibs/acre) was 
0.2 to 2.4 Ibs/acre in the other 
applied compared 
32, 107 
studies. ' 
to about 
ETU was 
reported to be undetectable after the fourteenth day (for 
tomatoes) or after twenty-eighth day (for beans).39 ETU, 
which could be detected on beans for longer time than on 
tomatoes, was probably because three applications of ETU 
(0.2 Ibs/acre) were made on the former plants and a single 
application (0.2 Ibs of ETU per acre) on the latter plants. 
When ETU was added, at 1000 IJg/ml of solution for 2 days29 
or added as 1.1 Ibs/acre,39 to the roots of the cucumber 
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plants, ETU was readily taken up (1-2 days) into the plants 
(2500 ~g/g29 or 0.01 ~g/g39). If ETU was injected (B-17.7 ~g/g) 
into the roots of corn seeds or into lettuces, tomatoes or 
pepper leaves, ETU was claimedlOB to have been absorbed by 
the roots or petioles and translocated primarily via the xylem. 
After twenty days, 1-2% of ETU in leaves was still detectable. lOB 
Time when no more ETU could be detected in plants was probably 
more than ten weeks (ETU level remained < 0.01 ~g/g from the 
first week to the tenth week;39) or>twenty dayslOB If ETU 
(5000 ~g/ml) was "painted" on to one leaf of the cucumber 
plant, after the fifth day ETU was found (level unstated) in 
the other leaves. 29 
Solutions of nabam (1000 ~g/ml) in water were applied as small 
droplets on cucumber plants and on the fourteenth day, ETU 
(unstated level) could still be detected. 29 When maneb was 
sprayed as a single application either on tomatoes (0.91 Ibs/ 
acre 32 ), tomatoes and bea:ns (2 lbs/acre 39 ), or lettuces 
(2.4 lbs/acrel07 ), ETU could, on average, be detected for 
longer time than when only it - (ETU) was sprayed. That is, ETU 
was undetectable on twenty-first day on tomatoes and on thirty-
fifth day on beans. 39 In this stUdy ETU was detectable for a 
longer time on beans than on tomatoes and this was probably 
because three applications of EBDCs were made on the former 
plants. In the other studies ETU was still detectable on the 
eighth day on tomatoes 32 and on the fifteenth day on lettuces. I07 
When zineb was sprayed as a single application on pears, 
similar results to the above were reported,109 i.e., ETU was 
still detectable (0.02-0.01 ~g/g) on the twenty-first day. 
23 
28 29. When nabam (65 or 1000 ~g/ml ~n water for two days) was 
applied to the roots (in Hoagland solution containing: 
KN0 3 (250 mg); CaN0 3 (450 mg); MgS0 4 .7H20 (246 mg); 
KH 2P0 4 (70 mg); and traces of znso 4 .7H20 and MnS0 4 .4H 20) 
of cucumber plants, ETU was readily taken up by the plants 
and detected in the leaves on the first day (0.48% ETU 28 or 
ETU was still detectable on the leaves on the 
nineteenth day (0.31% ETU 28 ). When maneb or zineb (2 kg/ha) 
was applied twice (30 day interval) to the soil in which a 
range of crops were growing, ETU was again readily taken up 
into the plants. lID On the fourteenth day there was maximum 
level of ETU on the crops. ETU then degraded rapidly (on 
crops) until no more of it could be detected (twenty-first 
day for maneb 
cations).110 
diamine, were 
and more than twenty-eight days for zineb appli-
At this time (21-28 days) EBDCs, as ethylene 
still detectable on soil. 110 
v. Metabolism of ETU in animals (oral route) 
The degradation products of ETU in animals are similar to those 
reported in plants (Fig. 9; see pp. 15 ) . PTU (V),5 EU 
(XVII), ethylenediamine (XII), oxalic acid (XXV) and urea were 
detected, on TLC, as the metabolites in the urine of the 
animals. which had received l4c-maneb or l4c _ETU as a part 
of their diet. 24 Protein and lactose in the milk of such animals 
were reported to have become l4C labelled. 24 
Ncwsomelll and Ruddick,112 however, reported the excretion of 
j 
24 
unchanged ETU in the urine and faeces of pigs lll and rats,112 
following ingestion of 14c-labelled ETU. 
1.7 Effects of ETU on animals 
ETU, at concentrations of greater than 20 ~g/g, has been 
. ( . . ) 1,5,113-122 reported to be tumourogenJ.c carcJ.nogenJ.c , muta-
genic,122-127 teratogenic128-138 or goitrogenicl14 ,120,139,140 
in animals. These toxicological properties have led to con-
cern that food crops contaminated with ETU or EBDCs could 
present a risk to both agricultural workers and to those who 
consume such products. In all the reported studies, except 
where stated (see below) animals were orally dosed with ETU 
( as a part of animal diet). 
I. Tumourogenic activities in animals 
Tumourogenic activities (see below) have been proposed to take 
place through both morphological and functional changes. 
Different animals and even different sexes, within the same 
species, have shown different levels of effects and even dif-
ferent targets. l ,5,113-116 
ETU, administered to hamsters Ivith a single oral dose of 200 ug~ 
by body weight, was found to be toxic but non-carcinogenic and 
the principal target was the liver. l In male rats even a 
single oral dose level of 60 ~g/g of ETU by body weight was 
reported to be carcinogenic. 1 Females were more resistant than 
male rats because only a higher (single oral) dose level than 
25 
175 )lg/g of ETU (by body weight) was found to be carcino~ .. 
. . .-or_ 
. 1.'1:1.4,,·115,·117 , 
. gem.c.· .. The ma~n targets (where ETU reacted) has 
. , , 1 113-120 been claimed to be the thyroid gland ~n both rats and m~ce. ' 
The morphological changes reported include: hypercholes-
terinemia at a single oral dose level of 5 )lg/g of ETU to rats 
and hamsters; 1 thyroid hyperplasia to rats at any single oral 
dose level of 5 / 113 )lg g to 125 ]Jg/g of ETU; 116 and neoplastic 
nodules in liver and development of pulmonary tumours at a 
single oral dose level of 25 )lg/g of ETU in the lungs of above 
animals. 114 ,117 
Activity of the thyroid gland was reported to be restricted 
after any single oral dose level of between 5 to 25 )lg/g of 
ETU. 116 ,117 The~abilityaf.~thyroidtobind 1311 , which was given in 
conjunction with ETU, decreased at 625 )lg/gl16 and increased 
at 125 )lg/g (as single oral doses) .117 In a similar recent 
study, ETU was reported to affect the C-cells of the thyroid 
glands of the test animals (dogs, guinea pigs, rabbits, cats, 
rats, mice, monkeys and even hamsters) .118-120 Damaging 
effects an the central nervous systems (CNS) of" rats .. ,,,,ere also 
reported121 ,122 following oral doses of ETU. 
11. Mutagenic activities in animals 
Concentration of ETU at which it causes mutations is still 
unclear. Mutations were reported to occur at or above the 
single dose (intraperitoneally) level of 100 )lg/g of ETU in 
Salmonella typhirnurium122 ,123 or of 6000 )lg/g in mice. 123 
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However, no increase in the rate of mutations was reported 
even if the single dose level of ETU was increased up to 
25000 ~g/g in Salmonella typhimurium. 122 Al though these 
results are supported by a recent research,124,125 mutations, 
which were reported by the above workers, were not observed at 
a single oral dose level of ETU in mice (at dose levels of 
600 ~g/gl17 or at 450 ~g/g126), in rats and hamsters,127 or 
in Salmonella typhimurium (100 ~g/g127). 
Ill. Teratogenic activities in animals 
The effects on the offspring of pregnant test animals have been 
studied following either a single oral or after a multiple oral 
administration of ETU (see below) • 
A single oral dose of either 200 or 250 ~g/g of ETU by body 
weight was administered to mice (on the tenth day of pregnancy) 
or to rats (either on 12th, 13th or 14th day of pregnancy) 
showed selective teratogenic effects in these animals. 5 That 
is, ETU was teratogenic to rats and not to mice; it was sug-
5 gested that ETU was metabolised faster by mice than by rats. 
The effects were less severe if the rats were dosed on the 
fourteenth day of pregnancy. They also reported malformations 
such as :cranial meningocete, cleft palate, omphalocele, 
analatresia, genital tubercle, and lumbar vertebrae and ribs 
tubercles. In a similar experiment to the above5(i.e., after 
a single, but low oral dose of 100 ~g/g128 or~15 ~g/g129,130 
of ETU by body weight was given to rats; either on 12th day 
of pregnancy,128 15th day129 or on 14th, 15th or 18th day of 
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pregnancy130) their eNS were reported to be affected. In 
addition, microphalmia was observed in one report. 130 
A multiple oral doses of 5 to 80 ~g/g (by body weight) of 
ETU to rats or rabbits (from 42nd to 21st day before concep-
tion and after conception upto15th day of pregnancy or only 
from 7th day to the 20th day of pregnancy) showed slow"ed foetal 
growth in rats (at or above a dose level of 40 ~g/g of ETU by 
body weight) and increased resorption plus reduced foetal 
brain weight in rabbits (at a dose level of 80 ~g/g of ETU by 
body weight).131 Minimum concentration of ETU that caused 
notable changes (deformities in central nervous system) 
was about 10 ~g/g of multiple oral dose level of ETU by body 
weight in the either animal. 131 A high multiple oral dose 
level (of 240 ~g/g)of ETU by body weight to rats (from 10th to 
the 21st day of pregnancy) was also reported to be terato-
genic. 132 
In addition to the above Observation,131 hydrocephalus was 
also noted in animals, which were given a single oral dose of 
200 ~g/g (by body weight of rats) of ETU or any multiple oral 
dose of 5 to 80 ~g/g of ETU (by body weight of mice).133 
In cats, which were given any of the multiple oral doses(5-120 pg/g) 
(from 6th to the 35th day of pregnancy), different effects 
(cf. to above reports) observed were: weight depression, 
ataxias, tremors, and hind limb paralysis. 134 Some foetal 
deaths were also noted after a dose level of > 30 ~g/g (by 
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body weight) of ETU. 121 ,134 Teratogenicity was stated not to 
occur at an oral dose level of 5 ~g/g of ETU by body weight in 
the above animals. 131 ,134 
In addition to the effects on the eNS, severe and consistent 
malformations in rats and mice, in tails> palat~ extremities 
of foetus ( skeletal ,>,in urogenital, and in respiratory 
systems have also been reported, after the animals were given 
a single oral dose of 2525 ~g/g of ETU by body weight. 135 
Even a single oral dose level of 60 ~g/g of ETU,given on the 
13th day of pregnancy to rat~was reported to produce cleft 
palat~ hydrocephaly, short tails, exencephalus and delayed 
'f' t' 136 oss~ ~ca ~on. 
Teratogenic effects, in rats, have been claimed to increase, 
if sodium nitrate was orally dosed in conjunction with ETU 
or their derivative; N-nitroso ethylenethiourea).137,138 
Testicle weight loss was noted in male mice after seven oral 
doses (on 4th, 7th, lOth, 35th and 49th day) of 200 ~g/g of 
ETU (by body weight) were administered. 138 
letion of sperms were also reported. 138 
IV. Goitrogenic activities in animals 
On day 35 dep-
Goitrogenic activities (an enlargement of thyroid gland and 
associated hypo or hyperfunction of this gland) have been 
reported in animals, which were given a single oral dose of ETU 
of ~ 30 ~g/g by body weight. 114 ,120,139-140 
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1.8 Extraction of ETU from EBDC, crops or biological materials 
A wide range of extraction procedures from EBDCs, crops or 
from biological materials have been reported (see below). 
A common procedure has been to extract ETU from crops (whole, 
chopped, or macerated) with a single solvent or a mixture of 
solvents, filtration, partition with other solvents to remove 
co-extractives, clean-up on a chromatographic column, and 
detection using either TLC, GLC, or HPLC methods. 
Single extracting solvents for ETU have included: dichloro-
methane,51 methanol,47,50,107,141-146 ethanol,147-150 ethyl-
acetate151 or water. 152 Mixed solvents include: methanol 
and water153-155 or acetonitrile and water. 156 Multiple sol-
vents - e.g., ethanol, chloroform, followed by petroleum 
ether/water and methanol with acetonitrile42 ,153 or acetonitrile154 
have also been reported to have been used for the extraction of 
ETU from crops. 
Occasionally inorganic salts, such as sodium chloride,49 
potassium fluoride plus ammonium chloride,157 or sodium sul-
Phate,158 have also been used in conjunction with methanol 
for the extraction of ETU from crops~ Th\lse. inorganic salts 
were claimed to set free ETU from the co-extractives of the 
crops. Use of cystein~50 or sodium ascorbate157 ,159,160 in 
conjunction with methanol, has also been reported to set free 
and to stabilize ETU from crop-extractives. 
ETU from filtrates or supernatants of the filtered 41 ,50,142, 
147,151,152,157,158,161-163 or ce t 'f d141 ,155,162 t t n r~ uge ex rac s 
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of EBDCs or biological materials have been claimed to be 
analysable (i.e., without interference from co-extractives) 
without a clean-up on chromatographic columns. 
The filtered crop extracts, which contained co-extractives, 
were usually partitioned with hexane-aqueous system,157,159 
hexane-dichloromethane system,160 or with chloroform-water 
systems.lj,7t144.145.148~16q When ETU was derivatised at 
the amino site (N-H), (see pp.ll & belml) the derivative was 
often partitioned \~ith the chloroform-water mixture in acidic 
ane then in alkaline solutions. 47,144,145,148,149 This 
usually removed non-polar impurities and possibly the excess or the. 
derivatising reagent. 
The extracts were concentrated and cleaned up on a chromato-
graphic column. ETU, was eluted from aluminium oxide column 
either with methanol,47,143,146 methanol-acetone mixture,154 
methanol plus 10% sodium chloride or ammonium chloride49 ,157-l59 
or with methanol-dichloroform mixture. 158 ETU, from a Sephadex 
column, was eluted either with ethanol-ChlorOfo~~~.with 
160 eth~lene glycol. ETU, from silica gel column, was 
claimed to be eluted with either methanol-chloroform150 or 
with chloroform-water mixture. 164 
ETU fromeluents from the columns, after a concentration, was 
either detected by TLC, GLC, or HPLC methods. 
1.9 Methods of analysis of ETU 
The analytical techniques to determine ETU so far reported 
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include: TLC and paper chromatography, GLC, HPLC, reverse-
isotope dilution method140 and absorption spectroscopy. 
Liquid scintillation counting and autoradiography usually in 
conjunction with TLC,164 mass spectroscopy in conjunction 
with GLC,164 and cathode ray polarography for the determi-
nation of N-nitrosoethylenethiourea have also been reported. 165 
The analytical techniques, for the determination of ETU, 
have recently been thoroughly reviewed. 166 
I. Thin layer and paper chromatography 
A number of chromatographic conditions (TLC) have been used 
to detect ETU and sometimes other degradation products of 
EBDCs in aqueous solutions or in the presence of fruit or 
crops. TLC involved either the use of a silica gel, cellu-
lose or aluminium oxide and various eluents (Table 4) in con-
junction with a range of detecting reagents. 
Using these conditions (Table 4 and 5), the degradation pro-
ducts of EBDCs such as: ETU (I), ETD (VIII)~ DIDT (IX), sulphur 
EDI (X), ethylenediamine;23 ETU, ETD (VIII), 2-imidazolin-
ayl-sulphenate (XIV), 2-imidazolin-~1-sulphonate (XVI), DIDT 
(IX), or 4,5-dihydro-l,3,6-oxadiazepine-2-thione96 ,164 have 
also been detected. 
The detection limit, for the determination of ETU, using these 
TLC methods, ranged from 1 ~g to 10 ~g18,23,29,32,39,49,lOl 
)2 
Table 4: List of adsorbents, eluents, detection methods; and 
results for ETU using TLC 
Limit Adsorbent Eluent 
Detection' 
methods' ' RF 
(see of Ref. detection 
Table 5) 
Silica a) chloroform 0.14 gel b) I-butanol-methanol A,B,C,D (0.50te) 0.5 ug 18 
-water (120:33:57) '( 0.53 ) 
Silica chloroform:l-butanol- E 0.29 1.0 I1g 23 gel G methanol-water 
(100:5:1:0.5) 
Silica a) I-butanol-ethanol- B,F 0.48 ) gel ) water ) 
cellulose) (120:33:57) 0.63 ) 10 I.g 29 
Cellulose b) 2-propanol-water 
(85:15) 0.67 
) 
) 
Silica a) dioxane-formal in- 1.0 I1g 32 gel G acetic acid-water C,E (3:1:1.5:1) 
b) dichloromethane 
c) chloroform-l-
butanol-methanol-
water 
(100:5:1.5:0.5) 
Silica ethanol-chloroform- G (0.15to) 0.01 Jlg/ml 39 gel benzene ( 0.20 ) (as (l:5:10) aqueous 
solution) 
Aluminium methanol-chloroform- H 0.02 Ilg/tJ 49 oxide benzene 
(1:5:10) 
Silica al methanol-water (9:1) ) B,H,I,J, 0.65 96 gel G b) methanol ) K,L 0.57 
Silica ether-methanol (9:1) G,J,K 0.5 ("'1 I.g 101 gel G detectable) 
Silica I-propanol-water G 108 gel G (85: 15) 
Silica a) chloroform-l- E,J 164 
' gel G butanol-methanol-
water (100:5:1:0.5) 
b) I-butanol-ethanol-
water (120:57:33) 
c) benzene-acetone 
(9: 1) 
JJ 
Table 4 continued 
Detection Limit Adsorbent Eluent method RF of Ref. (see detection (Table 5) 
Silica Immobile 5% foramide A,B,D,H o .14·to - 20, gel in acetone/chloroform 0.15 167 
Table 5: Detection methods used for TLC (see Table 4) 
Reagent Type 
A) Dithizone 
B) Feigl 
C) Ferricyanide 
D) Zincon 
E) Iodine or 
iodine starch 
F) Nitroprusside 
G) Autoradiography 
H) Grate's 
Chemical constitution 
diphenyldithibcarbazone in 0.01% 
CHC1 3 
sodium azide/iodine/potassium 
iodide (in water) 
potassium ferricyanide/ferric 
(Ill) chloride (1:1% aqueous) 
2-carboxy-2-hydroxy-5-sulpho-
formazyl in 1% w/v O.lM sodium 
hydroxide 
iodine vapour 
sodium hydroxide/sodium nitro-
prusside/potassium nitroprusside 
azide/iodine/starch 
I) 2,6-dichloro,-N-bromo-p-benzoquinoneimine 
J) Fluorescent quenching 
K) Ninhydrin 
L) NN'-dimethYlaminocinnamaldehyde 
Reference 
18 
23,29 
32 
18,167 
23,96 
29,96 
39,108 
39 
20,96 
96,164 
96 
96 
I 
, 
I 
, 
I 
I 
• 
I 
and has not been reported by the others. 20 ,96,108,164,167 
Although some of these TLC methods have been used to determine 
ETU in food products,29,32,39,108 they are unsuitable for 
routine residue analysis of ETU. This is because detection 
limits for ETU were often poor and it was claimed108 ,164,166 
to be difficult to get reproducible and accurate concentration 
of this chemical in food crops. 
Paper chromatography, using 1-butanol-ethanol-water (4:1:1) as 
an eluent and pentacyanoferrate (II) as detecting solutions, 
has also been used to detect ETU (0.3 - 3.4%) in maneb formu-
1 t ' 168 a l.ons. 
II. Analysis of ETU by GLC 
A range of GLC methods for the determination of ETU by a direct 
method (without derivatisation)50,141,142,153'11~ble 6) and 
~t d ' t' t' 47,49,143,144,147,149,154,156,164,169-172 aL er erl.va l.sa l.on 
(Tables 7-9) have been reported. ETU or its derivatives 
(Table 7) were detected on GLC by either electron capture detec-
tor (ECD), flame ionisation detector (FID), nitrogen-phosphorus 
specific detector (NPSD), or by flame photometric detector 
(FPD) • 
et ), Direct method of analysis of ETU on GLC 
Direct GLC method for the determination of ETU in food crops 
or EBDCs have been used on different columns and conditions 
(Table 6). Limit of detection of ETU, on GLC using capillary 
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Table 6: GLC conditions and limit of detection for ETU by 
direct method (without derivatisation) 
GLC conditions 
Capillary column 
a) 30m FFAP 
b) 20 Carbowax 20M 
c) 30m OV 17 
d) 25m OVlOl 
2% Carbowax 20M 
on Chromosorb W 
AW DMCS (80-100) 
2% Carbowax 20M:.,.TPA 
on 
Chromosorb W (80-100) 
8m Carbowax 20M 
30% Versamid 900 
on Gas Chrom. Q 
( 100-120) 
Detector 
ECD 
NPSD 
FID 
FID 
FlD 
FPD 
FPD 
Limit of 
detection 
of ETU (in 
substrates) 
0.01 ng 
0.02 ng 
0.5 ng 
(in apples, 
tomatoes, 
rat urine) 
0.1% in EBDC 
0.01% in EBDC 
0.005 )Jg/g 
beer, hops 
and grapes 
0.01 )Jg/g 
(apples or 
tomatoes) 
0.02 pg/g 
(lettuces 
or celery) 
0.1 )J.g/g 
(beans) 
Reference 
50 
141 
142 
153 
159 
columns and ECD was better (0.01 ng) than either NPSD (0.02 ng) 
or FID (0.5 ng)50 (Table 6). ETU at these levels has also been 
claimed50 to have been determined in the presence of apples, 
tomatoes, and even rat-liver and urine. 
Bontoyan14l and Farrington,142 in contrast to the above, deter-
mined ETU in different EBDCs samples and claimed limits of 
detection of ETU between 0.01 to 0.1% (in EBDCs) (Table 6). 
These methods, however, were recommended to be less suitable 
for the determination of ETU in food crops.14l,142 This was 
probably because of excessive interferences from crop extracts. 
Limit of detection of ETU, on GLC, using packed columns and 
FPD ranged from 0.005 ~g/g to 0.1 ~g/g in beer, hops and grapes153 
or apples, tonatoes, 
detection of ETU was 
lettuces, celery or Deans. 159 
better using capillary columns 50 
Limit of 
than on 
k 1 153,159 pac ed co umns; this was probably because of a better 
separation of ETU from the co-extractives of the crops using the 
former columns. 
However, these columns had to be preconditioned, before analysis, 
by injecting a large quantity of ETU. 153 Food crops, which 
were spiked with ETU at 0.005 ~g/g to 0.1 ~g/g, were analysable153 ,159 
only if the final samples of the extracts (of food crops) were 
concentrated by at least fifty times (i.e., 50 g of crops were 
spiked with ETU and concentrated to 1.0 ml). Concentrating 
the extracts , however, increased the relative • undesired • 
response from the interferences of the co-extractives of the 
crops. This produced a 'tailing' effect on the peaks of the 
ETU-signal on GLC. 
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High temperatures (~ 3000 C), which were often used in these 
GLC systems (Table 6) also caused severe damage to the 
1 50,153,159 co umns. This often gave non-reproducible reten-
tion times and responses on GLC and thus non-reproducible 
results. 166 
~ii') Analysis of ETU by GLC following derivatisation 
ETU, .on derivatisation, has either been substituted at the 
sulphur or nitrogen, both sulphur and nitrogen, or both nitrogen 
sites (Table 7},prior to analysis on GLC. 
Reactions of ETU, prior to analysis on GLC, have been claimed 
with a number of reagents to give the derivatives summarised 
in Table 7. 
In order to improve detection limit of ETU, compared to the 
direct GLC method, the nbutylthio derivative (XXIX) was deter-
mined on GLC (Table 8). Detection limit of ETU, however, in 
food crops was(wi th only some of the r.:ethod-s') improved and wac 
claimed to be:· O. C04 ug/g on a range of crops including 
spinach, tomatoes', or apples: 49 0.01 ug/g on tor.:atoes anf. 
apples: 143 0':'05 ug/g on tomatoes. cucumbers and potatoes;147 
G.Ol ucr/o on tOIT,atoes or spinach: 154 and 0.001 to 0.002 ug/g 
011 <erar>es and '.,l.eat; 156 and 0.02 ug/g on lettuces169 (Table 8). 
49 156 Improved sensitivity (for ETU) which was noted by some workers ' 
was probably because the food crops, examined in these studies, 
did not give rise to high level of interfering peaks (near the 
J8 
Table 7: ETU, derivatives, which are used on GLC 
S - R(l) 
( 
S 
( I 
/~ 
RN N-R(2) 
/C, (R3)- N N _ (R4 ) 
U 
Derivative 
2-(n-butylthio)-2-imidazoline (XXIX) 
2-(benzylthio)-I-(trifluoroacetyl)-
2-imidazoline (XXX) 
2-(benzylthio)-I-(pentafluoro-
benzoyl)-2-imidazoline (XXXI) 
2(o-chlorobenzylthio)-1-
(pentafluorobenzoyl)-2-
imidazoline (XXXII) 
2-(m-trifluorornethylbenzylthio)-1-
(trifluoroacetyl)-2-imidazoline 
(XXXIII) 
LJ 
Substi tuted 
RI 
n-C 4Hg 
-CH 2-C 6HS 
-CH 2-C 6HS 
-CH2-C6Hq<H 
GrouEs 
R2 
H 
-
COCF 3 
-COC 6FS 
-COC 6FS 
2-(m-trifluoromethylbenzylthio)-2-
imidazoline (XXXIV) 
-CH 2-C 6H4-CF 3 -H 
2-(benzylthio)-2-imidazoline (XXXV) 
NN--dimethyl-2-imidazolidinethione 
(XXXVI) 
N-dichloroacetyl-2-imidazolidine-
thione (XXXVII) 
N-nitroso-2-imidazolidinethione 
(XXXVIII) 
-CH 2-C 6HS 
RJ 
~ 
-CH 3 
-H 
-H 
-H 
R4 
-
-
CH 3 
-COCHC1 2 
-NO 
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Table 8: GLC conditions and limi~of detection of ETU 
following derivatisation with l-chlorobutane 
(derivative = XXIX) 
GLC conditions 
5% Carbowax 20M 
+ 2.5% KOH on 
Chromosorb (HP) 
20% SE 30 
Gas Chrom. Q 
(80-100) 
5% Carbowax 20M 
+ 2.5% KOH 
on Chromosorb W 
10% Carbowax 20M 
+ 5% KOH 
Gas Chrom.Q 
(80-100) 
a) HIm· OV 101 
b) 25m. OV2.75 
c) 5.6m .. OV 17 
d) 15m Carbowax 
30% DC-200 or 
5% SE30 on 
Chromosorb W 
20M 
Detector 
FPD 
FPD 
FPD 
FPD 
FID 
ECD 
NPSD 
NPSD 
Limit of 
detection 
of ETU (in 
substrate) 
0.004 ).Ig/g 
(on spinach, 
toma toes and 
apples) 
0.01 ).Ig/g 
(on tomatoes 
and apples) 
0.05 ).Ig/g 
(on tomatoes, 
cucumbers 
and potatoes) 
0.01 ).Ig/g 
(tomatoes 
and spinach) 
Reference 
49 
143 
147 
154 
0.001 to 0.0002 ).Ig/g 156 
(on grapes and wheat) 
0.02 ).Ig/g 
(apples or 
lettuce) 
107,169 
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Table 9: GLC conditions and limits of detection of ETU 
following derivatisation with other reagen~ 
Derivative Limit of 
(see GLC condition Detector detection 
Table 6) of ETU (in 
substrates) 
xxx 2% butanediol ECD 0.005 ll9/9 
succinate (on apples) 
Chromosorb W 
(100-120) 
XXXI a) 3% OV 17 ECD 0.005 ).1g/g 
b) 3% av 1 (on spinach 
c) 10% DC200 on and apples) 
Chromosorb W 
(AW-DMCS) 
XXXII 3% XE 60 ECD 0.005 llg/g 
on Chromosorb W (soybean 
(AW-DMCS) leaves) 
XXXIII ) 3% av 275 on ECD 0.002 ll9/9 ) 
XXXIV ) Chromosorb W FPD 0.01 ).1g/g 
) (on tomatoes 
and apples) 
XXX 4% SE 30 + 6% OF 1 ECD 0.01 119/9 
on Chromosorb W (wide range) 
XXX a) lan. OV);D;t FID 0.001-0.0002 
XXXV b) 2911. av 275 ECD ).1g/g 
c) 4~. SE 54 NPSD (on wheat) 
d) ISm Carbowax 
on 20M 
XXXVI a) ISm OV 351 NPSD 0.001 Ilg/9 
b) 20m OF 235 J~~~~). (on black-currants) 
XXXV ) capillary column FID 0.002 fi/g ) , 
, (on le uces) 
XXXVII ) ~j 3%'0\"'330 ECD ) 3\' av,17 on 0.01-0.05 ug/g Ch~omosorb H· (in water) (8 -100) 
·'xfiVIII (as for XXXVII) ECD not stated 
• Gas Chromatography-Mass Spectroscopy 
-- ---.--
Rei. 
47 
144 
145 
148 
149 
156 
164 
170 
171 
172 
retention time of ETU); Le., co-extractives from the crops 
may have been removed by their extractive procedures of ETU. 
Di-substituted derivatives of ETU (at Nand S sites) S-benzy1-
N-ha1oacety1s S-benzy1-N-ha1obenzoy1 S-ha1o-
benzy1-N-ha1obenzoy1 , or S-ha1obenzy1-N-ha1oacety1s 
have been analysed under different conditions on 
GLC (Table 9). These derivatives were claimed to: protect the 
acidic thio1 (S-H) and the basic amine (N-H) groups of ETU; 
to decrease the interaction with the packings of the GLC columns; 
and to increase specificity for the detection of ETU on GLC. 
Detection limits of ETU were claimed (using these derivatives) 
47 to range from 0.01 ~g/g to 0.002 ~g/g on apples, apples or 
. 144 145 148. 
sp1nach, soybean leaves, tomatoes or apples, and a w1de 
range of samp1es149 (Table 9). However, a better detection of 
ETU was obtained47 ,144,145,l48 . (except with one reportl49) ,. 
using ECD than FPDl48 (Table 9). 
In contrast the monosubstituted derivative, S-trif1uoromethy1-
benzy1thio (XXXIV), has been determined under only one GLC 
condition. 148 The detection limit of ETU, using this deri-
vative (XXXIV), ranged also from 0.01 to 0.002 ~g/g in 
148 . 
tomatoes (Table 9) • 
. Th~ di~substituted ( XXX ) and benzylthio derivative(XXXV) have 
however been analysed \lllder' several GLC condi tionsl:;.6.( rablll 9 ). 
The range for limit of detection of. ETU, using these derivatives 
GXXX and .xxxv) had claiw.erl to be even better (0.001-0.002 .. vg/g 
on wheat; Table 9) compared to the other halogenated-
derivatives (XXXI-XXXIV) • Howeve~ benzylthio derivative 
(XXXV) was claimed to have lower specificity for the detection 
of ETU than the halogenated derivatives (XXX-XXXIV) of ETUi 156 
this was probably because of the absence of halogens in the 
benzylthio derivative (XXXV). Detection limit of ETU, using 
this derivative (XXXV)170 on capillary column of FID also lay 
in the above range (Table 9). 
Other derivatives of ETU, analysed on GLC, are either the 
di-substituted (at both N-sites: XXXVI)164 or monosubstituted 
at N-site of ETU (XXXVII and XXXVIII)l71,l72 (Table 6). 
Limit of detection of ETU, on blackcurrant, using the disub-
stituted, NN--dimethyl-2-imidazolidinethione (XXXVI) was 
better (0.001 ~g/g164) than for the analysis of ETU with 
monosubstituted, N-dichloroacetyl-2- imidazolidinethione (XXXVII) 
(0.01 to 0.05 ~g/g171) (Table 9). One advantage of the latter 
171 derivative (XXXVII) is that the reaction has been reported 
to take place at room temperature, but has one drawback. At 
high temperatures, which are often used in GLC system$, the 
derivative (XXXVII) has been claimed171 to react to form a 
bicyclic compound (XXXIX) (Fig. 14). 
H 
SH 
.J.)::' A + HCI N N-CO-CHCI 2 '> LJ LJ 
(XXXVII) (XXXIX) 
Figure 14: Decomposition of N-dichloroacetyl-2-imidazolidine-
thione (XXXVII) under GLC conditions171 to give the 
bicyclic product (XXXIX) 
The N-nitroso-.2-imidazolidinethione(XXXVIII) (Table G) has 
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also been 'analysed onGLC. & has been reported ' 
to be carcinogenic and thus presents further danger due to toxi-
city. 
However, these derivatives of ETU, either as the S-substituted, 
N-substituted, or as both Nand S substituted, were claimed 
to be unstable to acidic and alkali conditions 67 or at high 
temperatures. 67, 68 These conditions, which are often applied 
on these derivatives, either during the reaction or during the 
GLC analysis, may affect both the yield of the reaction and 
(GLC) reproducibility.159,166 
GLC-mass spectroscopy, which has also been applied by a number 
of workers,47,148,l53,l64,l73 has usually been used to confirm 
the identity of the derivative (e.g. 2(-benzylthio)-l-
trifluoroacetyl-2-imidazoline (XXX).47,l73 
I 
Ill. . An.aiysi.s of EW RX HPLC 
The thermal instability problem of the derivatives of ETU or 
of EBDC suspensions, under the conditions of the GLC system, 
could possibly be reduced by the use of HPLC. Thus a range 
of HPLC column packings, which have been used include: normal-
phase silica; reverse-phase Hypersil; various polymers; 
amino and cyanobonded Hypersil. In these HPLC systems the 
ETU, after elution from columns, has been detected using mainly 
ultraviolet spectrophotometric (UV) detector or sometimes 
liquid chromatography electrochemical (LCEC) detector with 
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a dropping mercury (DME) or a glassy carbon electrode (Table 10). 
Dilute solutions of EBDCS have been analysed for ETU content on 
a separon AE column. 41 No wash up (extraction & partition) of the 
extracts or its clean up (on a chromatographic column was 
~rted~oncentration of ETU was reported to vary (levels 
unstated) from one EBDC type to the other. Limit of detection 
was not stated. 
Wine was spiked with a known quantity of ETU and analysed on 
HPLC. 51 Limit of detection of ETU, from wine, was claimed 
to be 0.025 >1g/g p= 2 ng)51 (Table 10). Clean up of the wine 
of the 
extracts was not reported. This was probably becausekreduced 
number of interfering co-extractives in wine. 
Later ETU in different EBDCs was detected by HPLC and GLC 
methods. 142 ,161 Minimum concentration of ETU that was detec-
table was claimed to be 0.01%.142 Concentration of ETU ranged 
from 0.01 to 1.5% in different EBDC type. Higher levels of 
ETU in EBDCs using GLC system were reported compared to HPLC 
system. This was reported to be due to the degradation of EBDC 
(to ETU) at high temperatures, which are used in GLC. 142 ,161 
Determination of ETU, in the presence of molasses, after 
extraction with methanol, was reported to require a clean-up 
on alumina column. A good limit of detection of ETU (~ 5 ppb) 
was claimedl46 (Table 10). 
Determination of ETU, in the presence of rat plasma, after 
Table 10: Direct HPLC methods for the determination of ETU 
Column 
Separon AE 
Alumina 
Spherisorb 
cyano/amino 
MicropaJ< 
MCH-IO 
HPLC Conditions 
Eluent 
water-methanol 
dichloromethane-
methanol 
(98: 2) 
hexane-ethanol 
(65:35) 
water-methanol 
(2.5:97.5) 
Detector 
UV = 254 nm 
UV = 244 nm 
Limit of 
detection 
of ETU 
0.1-1. 6% 
(ETU mea-
sured in 
EBDC) 
0.025 )Jg/g 
_ 2 ng 
(in wine) 
UV = 254 nm. 0.01%-1.5% 
in EBDC 
UV = not 
stated 
:> 5Ppb 
(in 
molasses) 
SC-02 methanol-water or UV = 240 nm 
acetonitrile-water 
0.02 Ilg/g 
(in rat 
plasma) 
LiChrosorb 
Cation 
exchange 
resin (type 
not stated) 
Separon 
six 
LiChrosorb 
RP-18 
(5:95) 
ethanol-hexane-
ammonium hydroxide 
(15: 84.5: 0.5) 
1.0 M aqueous 
ammonium 
sulphate 
chloroform-metha-
nol (100:1) 
methanol-water 
(1: 9) 
AI'S Hypersil dichloromethane-
petroleum ether-
ethanol (96%) 
(50:45:5) 
LiChrosorb-
amino 
hexane-2-propanol 
(60: 40) 
UV = 254 nm 
DME 
UV=? 
UV = 254 nm 
UV = 240 nm 
UV = 254 nm 
UV = 240 nm 
2 ng 
1 ng 
(in rat 
urine) 
2.3 ng 
(soil, river 
water, sea 
water, sewage 
& industrial 
waste) 
(apples and 
tomatoes) 
0.02 )Jg/g 
(on endive) 
(apples, 
salads, 
tomatoes) 
Ref. 
41 
51 
142,161 
146 
150 
151 
152 
155 
157 
I 
158 
160 
Table 10 continued 
Column 
LiChrosorb 
RP-18 
Silica gel 
Spherisorb 
cyano or 
amino 
LiChrosorb 
RP-18 
HPLC conditions 
Eluent 
water-tetrahydro-
furan 
(99.05:0.05) 
methanol-
acetonitrile 
{20:80) 
hexane-ethanol 
(2: 1) 
Detector 
UV = 233 nm 
UV = 240 nm 
UV = 240 nm 
ethanol-hexane- UV = 254 nm 
ammonium hydroxide 
(15:84.5;0.5% v/v) DME 
or 
methanol-water 
(1:99) and 0.01 M 
potassium 
glassy 
carbon 
Limit of 
detection 
of ETU 
0.01% 
EBDC 
EBDC 
0.01 ].lg/ml 
(in beer) 
20 ng 
16 ng 
0.9 ng 
nitrate (aqueous system) 
LiChrosorb 
S-i-60 
ethanol-hexane 
(10:90) UV = 240 nm (not stated) 
(rat urine) 
Ref. 
162 
163 
174 
175 
176 
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extraction with ethanol 
silica gel column. 150 
was claimed to require a clean up on a 
Limit of detection of ETU was reported150 
to be 0.02 ~g/g (Table 10). 
Different detectors (UV and dropping mercury electrode (DME» 
have also been used to detect ETU in rat urine. Limit of 
detection of ETU was claimed15l to be be~Uav uBing 
DME (I ng) than a UV detector (2 ng). 
A different approach to the determination of ETU from soil, 
river water, sea water, sewage, effluent, and industrial waste 
152 
was reported. In this method152 ETU, after elution from a 
cation exchange resin and elution with ammonium sulphate, was 
detected on a UV detector. A limit of detection of 2.3 ng 
of ETU was claimed152 (Table 10). The value of capacity 
factor (K) was reported to increase (0.75 to 0.9) on increa-
sing the concentration of ammonium sulphate (0.05 to 1.5 M) 
in the eluent. 
Determination of ETU in vine leaves has also been reported 
. . 155 but the limit of detect10n was not g1ven. 
Determination of ETU in apples and tomatoes157 or in endives 158 
was reported to have many interfering co-extractives. The co-
extractives were removed by a clean up on alumina column (for 
endives) or hexane wash plus clean up on alumina column (for 
apples and tomatoes). Limits of detection of ETU (0.02 ~g/g) 
were .claimed by the latter report158 (Table 10). Simi-
larly ETU was also determined in apples, salads and tomatoes 
(using a different eluent on HPLC), but limit of detection of 
ETU 
------------------------------------ -----------------------------------------
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also not reported. 160 
Although in previous reports142 ,16l a reasonable retention 
time of ETU, on ODS-Hypersil column, was not obtained ~ 
others lS7,162 detected ETU using these columns and UV detector 
and reported no such difficulty. Limit of detection of ETU 
(0.01% in EBDC) in latter reports162 again supported previous 
results. 142 ETU has also been determined in different EBDCs 
samples, usingasilica gel column and UV detector on HPLC, 
but detection limit for ETU was not reported. 163 
A cathode ray polarography in conjunction with HPLC has also 
been reported. 165 In this report,165 ETU was determined as 
the aqueous solution of N-nitroso-2-imidazolidinethione. 
However, this derivative has been claimed to be carcinogenic. 138 
Beer spiked with ETU was cleaned up on a silica column prior 
to analysis on HPLC. 174 ETU was detected by a UV detector 
and a limit of detection of 0.01 ~g/ml of ETU was claimed174 
• 
(Table 10). 
ETU in aqueous solutions using HPLC was detected by a UV detec-
tor, DME, and glassy carbon electrode. 175 In this HPLC 
system considerably poorer limits of detection of ETU were 
obtained using UV and DME detectors compared to the previous 
method,lSl in which similar methods were employed. However, 
a better limit of detection of ETU, which was obtained (in 
the abovestudy151) using a DME (16 ng) than a UV detector 
(20 ng) supported the previous report.175 Relatively poor 
detection limit of ETU with dropping mercury electrode was 
explained175 because of a lower complexation constant for the 
following reaction: 
HgO + ETU methanol ~ (175) 
or ethanol 
LCEC detectors are, however, unsuitable for the routine ana-
lysis of ETU in crops. This is because the co-extracts, from 
the crops, can easily contaminate these electrodes. 15l ,175 
In a metabolism study of ETU in rat, a very high level of ETU 
were used and thus limit of detection of ETU was not claimed176 
(Table 10). 
IV. Other techniques for determination of ETU 
A reverse-isotope dilution method140 for the determination 
of aqueous solutions of ETU has been reported. This method 
involved mixing a radioactive tracer (e.g. naphthalene) with 
corresponding unlabelled material (ETU); the amount of the 
activity per gram of the substance will be reduced. The 
amount of activity reduced is directly proportional to the 
amount of the unlabelled (ETU) compound. However, this 
method is suitable only in the milligram range of ETU& non specific. 
ETU has been claimed to react with pentacyanoferrate (111),177 
diacetylmonoxime or p-dimethylaminObenzaldehyde178 in the 
microgram range to give ultraviolet absorbing compounds. 
These were detected using absorption spectroscopy at 590 nm177 
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or at 450 nm. 178 Although these derivatives may offer the 
necessary selectivity on HPLC, they have drawbacks. The first 
product (from ETU and pentacyanoferrate (Ill)) suffered from 
precipitation, which increased the absorbance reading inconsis-
tantly. Its detection limit has not been claimed. The last 
two reaction products, which do not proceed quantitatively, 
produced poor sensitivity and a poor limit of detection of ETU 
('" 0.75 \lg).178 
v. Comparison of analytical techniques used for ETU 
TLC methods for the determination of ETU, compared to GLC or 
HPLC methods, often gave poor sensitivity, reproducibility, and 
limit of detection (0.5to 10 \lg; pp. 32 ) . One advantage 
of TLC methods, however, is that ETU and some of its degra-
dation products can easily be detected. 
The detection limit of ETU by direct (without derivatisation) 
GLC method were in the same range as the derivatisation 
methods (pp. 35-40 ). The derivatisation reactions, however, 
had some disadvantages. These were: the derivatives were 
unstable at high temperatures and to acid and alkali condi-
tions,67,68 which are often used in the work up of the deri-
vatives or analysis on GLC; increased analysis time for the 
total GLC analysis for ETU; and possibility of the reaction 
to not proceed quantitatively. 166 These disadvantages affect 
the yield of the reaction and the reproducibility of the ana-
lytical results. Analysis of ETU, by direct GLC methods, 
--_._-
142 161 166 .. has been reported ' , to be d1ff1cult, probably because 
of interferences from co-extractives of the crops. 
However HPLC, in contrast to GLC, can be used at room tempera-
ture and consequently avoids any thermal instability problems. 
However, because ETU has a poor UV absorbing chromophore, 
sensitivity and limit of detection (of ETU) on HPLC using UV 
detectors are poor. Electrochemical detectors (LCEC), which have 
better sensitivity than UV detectors, can often suffer from 
"poisoning" effects from the co-extractives of the crops. 
This leads to irreproducible response for ETU and therefore 
irreproducible results. 
To conclude therefore, HPLC offers a potentially better analy-
tical method, for the determination of ETU (if a stronger UV 
absorbing chromophore can be introduced into ETU following 
reaction with a suitable reagent) than TLC, absorption spec-
troscopy (i.e., poor quantitative reaction and poor limit of 
detection of ETU), or GLC procedures. On HPLC good sensiti-
vity, reproducibility, and detection limit can often be 
achieved. 
1.10 Present study 
The aim of the present study was to develop a new HPLC tech-
nique for the determination of ETU at residue levels. This 
technique would be stable, sensitive, reproducible, selective, 
and reliable, compared to the existing method. It was pro-
posed that this could be achieved by choosing a suitable reagent 
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that reacts quantitatively with ETU to give a derivative, 
which has a strong UV absorbing chromophore and absorbs light 
at a longer wavelength than ETU. 
Initially a direct HPLC method for the determination of ETU 
would be established and used to improve the extraction pro-
cedure for ETU from crops. 
These techniques would then be applied to determine and to 
study the degradation of ETU on or in the presence of crops, 
in soils and in particular to test the reports that ETU was 
degraded by microorganisms. 
CHAPTER 
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2 • E X PER"I MEN TAL 
2.1 Chemicals 
ETU (99% pure), ethyleneurea, benzyl bromide, phenacyl bromide, 
p-phenylphenacyl bromide and naphthacyl bromide, reagent 
grade were obtained from Aldrich Chemical Ltd., Gillingham, 
Dorset, U.K.1 p-nitrophenacyl bromide was obtained from Fluka 
AG, Buchs, Switzerland. 
Ethylenebisdithiocarbamates: maneb (dispersible powder) 1 
mancozeb powder1 and zineb (wettable powder) were gifts 
obtained (via the Ministry of Agriculture, Fisheries and Food 
(MAFF), Agricultu~al Science Service, Hatching Green, Harpenden) 
from Robinson Bros Ltd.,West Bromwich, U.K. 
2.2 Solvents 
Acetonitrile, dichloromethane, ethyl acetate, hexane, methanol 
and ethanol (96%) HPLC grade were either obtained from Fisons 
Scientific Apparatus, Loughborough, Leicestershire, U.K., or 
May and Baker, Barton Moss, Eccles, Manchester, U.K. 
All other chemicals, except where stated otherwise, were of 
Analar grade or reagent grade and were either obtained from 
BDH Chemical Ltd.,Poole, U.K., Aldrich Chemical Co.Ltd.,Gilling-
ham, Dorset, U.K., or from Sigma London Chemical Co.Ltd.,Poole, 
2.3 Other items 
Whatman glass fibre filter paper (GF/F; 5 ~m) and silica 
gel TLC fluorescent plates (60A; 254) were obtained from 
Whatman Lab Sales Ltd.,Coldred Road, Parkwood, Maidstone, Kent. 
Wide neck bottles (onelitre) , with screw tops, for extractions, 
were obtained from Fisons Scientific Apparatus, Loughborough, 
Leicestershire, U.K. 
2.4 Soils, fertilisers, crops 
Soil samples were obtained by the Ministry of Agriculture, 
Fisheries and Food (MAFF), Harpenden, U.K., from sites: 
Trumpington, Aunty Hall (I); Norfolk Agriculture Station (II); 
Terrington Field 11 (III); Arthur Richmond (IV) and from 
Little Toll (rough lots) (V) .Soils of John Innes No. 1 potting 
mixture contained soil, peat and soft sand by either 7:3:2 
(normal soil), 7:7:2 (peaty soil) or 7:3:6 (sandy soil) parts 
were also provided by MAFF. 
Crops: lettuces (Salina (Ref. 18.301/1983-84; from Leen de 
Mos Bv S-Gravenzande, Holland) and Webbs Wonderful) and 
spinach (Olerace) were grown at MAFF. Cucumbers, tomatoes 
and tinned blackcurrants in syrup and celery were obtained from 
Chipping Campden, via the Ministry of Agriculture, Fisheries 
and Food (MAFF), Harpenden, U.K. 
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I 2.5 Microbiological materials 
I. Microorganisms 
Eacillus megaterium (NCIE 8291); Pseudomonas aeruginosa 
(NCIE 6749); Aspergillus niger (CMI 31821); Penicillium 
chrysogenum (CMI 26211); Ch~omobacterium violaceum (NCIE 
8182): Proteus vulgaris (NCIE 8067). 
NCIE: National Collection Industrial Bacteri~. 
CMI: Commonwealth Mycological Institute. 
11. Microbiological media 
(i) General purpose medium (GP) 
Beef extract (10 g), bacteriological peptone (10 g) and 
sodium chloride (5 g) per litre of distilled water. 
(ii) Defined glucose medium (G) 
solutions of disodium hydrogenphosphate (1.775% w/v) 
plus potassium dihydrogenphosphate (0.325% w/v) (400 ml); 
D~glucose (1.25% w/v; 400 ml); magnesium sulphate.7H20 
(2.5% w/v; 10 ml); ferrous sulphate (0.1% w/v; 1.0 ml); 
manganese sulphate.4H 20 (0.1% w/v; 1.0 ml); casamino 
acids (Difco; 0.526% w/v; 190 ml); or thymine (0.001% 
w/v; 1.0 ml) in water were autoclaved separately and 
mixed aseptically to prepare the complete medium when 
needed. Samples of media were solidified by the addition 
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of agar (Oxoid; 1.5%) when necessary to make slopes. 
Oxoid: Oxoid Ltd.,Basingstoke, Hampshire, U.K. 
(iii) Sabouraud medium (S) 
A dry premixture of Sabouraudmedium (Oxoid) contained: (litre-I); 
pancreatic digest of casein, Oxoid L42 (5.0 g); peptic 
digest of fresh meat, Oxoid L49 (5.0 g); dextrose (20.0 g); 
approximately pH = 5.7. 
(iv) Sterilisation 
Various media were sterilised by autoclaving for twenty 
minutes at 12loC. Alternatively solutions before 
analysis on HPLC or those sensitive to heat were centri-
fuged at 5000 r.p.mfor fifteen minutes if necessary and 
filtered using cellulose acetate filters (Oxoid; 0.45 ~m). 
Glassware was heated in an oven for one and a half hours 
2.6 Equipments 
Ultraviolet-visible spectrophotometers, Pye Unicam Sp-500 and 
SP-BOO. 
Infra-red Spectrophotometer: Perkin-Elmer 177. 
Nuclear magnetic resonance S~ectrophotometer: Proton-NMR, 60 MHz 
Varian EM 360-A and 1JC- NMR Brucker-MTC 120. 
Fluorescence Spectrophotometer: Perkin Elmer MPF-44B. 
Silica cell (5 cm x 1 cm). 
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,polarographic Spectrophotometer: Metrohm Herisau-E505 (Swiss). 
Dropping mercury electrode. Metrohm Timer - 621 VA. 
Mass Spectrometer: Kratos MS SO/OS-55. 
Centrifuge: Mistral 6L. 
Autoclave: Caburn Steriliser. 
Macerator: MSE. 
ultrasonic sound apparatus: MSE. 
Air driven fluid pump: Haskel, SAT/RTG (Bakers No. 024755). 
2.7 High performance liquid chromatographic equipment and materials 
I ·pump: Pye Unicam X-PS. 
11 UV-detector: Pye Unicam PU 4020 variable wavelength spectro-
photometric detector. 
III Injector: Rheodyne 7125 valve (20 ~l loop). 
IV Syringe: SGE glass syringe (10 ~l). 
V Unpacked columns: Shandon Southern (10 cm x 5 mm). 
VI Prepacked columns: Polystrene-divinylbenzene (PLRP-S; 
10 cm column), 5 ~m, was donated by Polymer 
Laboratories, Shropshire, U.K. 
VII Packing materials: OOS-Hypersil, APS(aminobonded)-Hypersil,CPS 
Cyano-Hypersil, and Silica packings (all 5 ~m). 
2.S Definitions 
were obtained from Shandon Southern Products Ltd., 
Astmoor, Runcorn, U.K. 
Limit of detection: This was calculated as the amount of the 
analyte, which gives a signal equal to two standard deviations 
-------------------------------------------------------------------------------. ---
above the background noise level, Ss, of the detector. 179 
9B~ is the standard deviation of the background noise level 
of the detector. Sa is determined by dividing the background 
detector output signal into a series of time segments less 
than one minute in duration and summing the vertical dis-
placement, YR, of each segment over a fixed time interval 
using equation 1 (Fig. 14) .180 
= 
R=n 
l: 
R=l 
(Equation 1) 180 
YR = vertical displacement of the noise in Y-axis. 
n = number of YR values, usually between ten and fifteen.
180 
, 
Limit of determination: This is sometimes referred to as the 
'limit 'of qUantitation' and is defined as the concentration of 
an analyte, which gives a background detector signal equivalent 
181 to the value of 10 SBs. 
Capaci ty factor, k': This is a measure of a degree of retention 
of a solute and is defined by Equation 2. 
k' (Equation 2) 180 
Efficiency, N, of the column is given by Equation 3. 
Figi 
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14: Calculation of standard deviation of (blank) 
noise level of detector from a chromatogram180 
Yl ... Yn = vertical displacement of noise level 
~~~~~~-~-~--------- -~ 
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" 
N = 5.54 (Equation 3)180 
where: to = the retention time of unretained solute 
tR = the retention time of the solute 
w~ = the peak width at half height. 
2.9 packing and testing of a HPLC column 
I. Packing procedure 
The packing equipment that has been used is shown in Figure. 15. 
The pump (Haskel, SA~/RTG) was a large volume air driven, capable 
of generating 15000 p.s.i. ('" 1030 bar) • 
Appropriate fittings were connected to the packing column and 
the HPLC column (Fig. 16). HPLC column was connected, via 
the packing column, to the inlet fitting of the pump (Fig. 16). 
Whole assembly of the packing chamber was clamped upside down. 
A sample tube, containing about 1.8 g of the packing material 
and about 30 ml of methanol, was shaken vigorously for five 
minutes. Packing material was quickly poured through the HPLC 
column and the tail fittings connected ( Fig. 16 ). 
A pressure of about 6000 p.s.i. was set and upward packing was 
allowed to take place, first with 60 ml of propan-2-ol and then 
with 80 ml of methanol (Fig. 15). The whole packing chamber 
assembly (Fig. 16) was inverted and downward packing was allowed 
Nitrog~ 
cylinder 
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waste 
reservoir 
air pump 
,; ; ;,1'1 
pressure 
gauge 
solvent 
valve 
---HPLC column 
packing column 
Fig-;_, 15: Slurry packing system using a pneumatic 
intensifier pump 
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Fig. _ 16: Details of packing chamber and HPLC column 
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to take place with 80 ml of eluent, which is to be used for 
the HPLC column. 
Pressure was slowly reduced to zero. After 5-10 minutes, HPLC 
column was disconnected and the excess packing material was 
carefully removed. The packing material was levelled with 
the ledge on the HPLC column. After appropriate fittings were added 
to top of the HPLC column, it was connected to the HPLC system. 
II. Testing of the HPLC column 
The efficiency of the column (equation 3) was determined 
(results in Table 11) by injecting 10 ~l of the standard test 
mixture containing benzamide (0.0037% w/v), acetophenone 
(C .0)06% w/v), benzophenone (0.0007% w/v), & biphenyl (0.0032% ,w/v) 
in an eluent (methanol-water, 60:40) for ~ODS-Hypersil or a 
silica column or nortryptyline (0.002% w/v) for a polymer 
column. The detector was used at 254 nm for the former 
chemicals and 263 nm for nortryptyline. 
Table 11: Typical efficiencies for ~ODS-Hypersi1, Hypersi1 
and PLRP-S column (10 cm x 5 mm) 
Column (10 cm x 5 mm) compound . 
ODS-Hypersil acetophenone 
silica acetophenone 
Polymer, PLRP-S nortryptyline 
Efficiency ( N ) 
of the column 
5332 
3215 
2.10 General methods of analysis of ETU and its degradation 
products on HPLC 
The two principal HPLC methods used during this study were the 
direct method and derivatisation method for ETU. In addition 
the derivatives of ETU were examined on a number of other HPLC 
columns and systems. 
I. Direct HPLC method 
Direct HPLC separation of solutions of ETU (or of its degra-
dation products) (10 ~l) was carried out using an ODS-Hypersil 
column (10 cm x 5 mm) , (pluG a guard column). The eluent was 
water at l"'ml/rnin and the peaks were detected at 233 nrn 'on a 
UV detector. 
II. Derivatisation HPLC method 
(i) HPLCseparation of p-nitrophenyl derivative of ETU was carried 
out using PLRP-S column {lOcm x 5mm). The eluent, aceto-
nitrile: aqueous ammonia/ammonium nitrate (1.5%, 
50:50), buffered at pH of 9.0, 1 ml/min was used. 
The derivative peaks were detected at 263 nm on a UV 
detector. 
III. Other methods 
In addition a range of liquid chromatographic con-
ditions we~~ used for the derivatives and these were: 
(i) PLRP-S column, eluent, acetonitrile: aqueous ammonia/ammonium 
nitrate (1.5%' 80:20), buffered at pH 9.0, 1 m1/min was used. 
Derivatives were detected at wavelength maximum of the 
derivatives. 
(ii') ODS-Hypersi1 column: various eluent conditions. 
----------------------------------~. -----
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(~) HPLC separation of derivatives was also carried out on 
a silica column (10 cm x 5 mm). The eluent, methanol 
perchloric acid (99.95:0.05), was used at 1 ml/min and 
the peaks were detected at 263 nm on a UV detector. 
(IV) Fluorescent spectroscopy 
(v) 'Solutions of naphthyl derivative (XLIX) or naphthateyl 
bromide in ethanol (5.0 vg/ml; 5.0 ml) were each excited 
at either 263 nm or at 390 nm and emission spectra 
recorded using fluorescence spectrophotometer (MPF-44B). 
2.11 HPLC separation of Jaffe's base 
HPLC separation of Jaffe's base (see p. 68 Section 2.13) was 
carried out using a cyanobonded or aminobonded silica columns 
(10 cm x 5 mm). The eluents containing different ratios of 
methanol water at different pHs, were used at 1 ml/min. The 
peak of the Jaffe's base was detected at 260 nm. 
2.12 Derivatisation of ETU 
I. Trial reactions of ETU 
Preliminary experiments were carried out to study the reaction 
of ETU with benzyl bromide~4,6S benzoyl chloride,67,68,182 
fluoro-2,4-dinitrobenzene,182 dansyl chloride,183 2-hydroxy--5-
nitrobenzylchloride,184 and 9-chloromethyl anthracene. 185 
The sequential reactions of benzyl bromide followed by benzoyl 
chloride or fluoro-2,4-dinitrobenzene,182 were also attempted. 
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None of the reactions of ETU, except with benzyl bromide,64,65 
gave readily isolated products and examination of the reaction 
mixtures by TLC on silica plates (eluent;Methanol or chloro-
form&using iodine vapour as detecting agent) showed multiple 
products. 
II. General preparation of phenacyl halide derivatives 
-3 Ethylenethiourea (4.9 x 10 moles; 0.5 g) and phenacyl 
(CAUTION, see ~~otnote) 
halide (~5.0 x 10 moles) were dissolved in ethanol* (50 ml) 
and the solution was refluxed for two hours. The ethanol was 
evaporated, at 50oC, on a rotary evaporator until about 10 ml 
of the solution remained. After the addition of water (40 ml), 
the mixture was cooled to room temperature and acidified (to 
pH of 5 to 6) by a dropwise addition of hydrochloric acid 
(1 M). The excess of the remaining reagent was extracted into 
chloroform (2 x 20 ml). The aqueous solution was adjusted to 
pH of 9.0 with sodium carbonate (1 M) and allowed to stand 
for fifteen minutes. The derivative (from aqueous solution) 
was then extracted into chloroform (3 x 40 ml), which was 
eVaporated to dryness. The residue was recrystallised twice 
from either ethanel, benzene.-:?etrcleur.l ether (40-60), chloroform 
0:1; methaiiol to ~ive the imidazo [2fi-b.J·thiazole. This was 
identified by its melting point and spectroscopic properties 
(Table 3.4, Results section). 
CAUTION: phenacyl halides are strong irritant to eyes 
and mucus membrane and the reaction should be 
conducted in a fume cupboard (186). 
* dou~lY distilled 
--- -----
The preparations and identifications of the derivatives of 
ETU were carried out with phenacyl bromide, p-nitrophenacyl 
bromide, p-phenylphenacyl bromide and naphthacyl bromide, to 
give 3-phenyl-5,6-dihydroimidazo [2,l-b] thiazole, 3-(p-nitro-
phenyl)-5,6-dihydroimidazo[2,1-b]thiazole, 3-(p-phenylphenylene)-
5,6-dihydroimidazo[2,1-b]thiazole, and 3-(naphthyl)-5,6-dihydro-
imidazo[2,1-~ thiazole respectively. 
111. Derivatisation of ETU (at residue levels) with 
p-nitrophenacyl bromide 
Samples of ETU(O tol.)lx 10-9moles; 0.134 ug/ml } (lml) 
in solution or in analytical samples (see later P.72, 2nd 
paragraph) and an excess of p-nitrophenacyl bromide (1.22 x 
10-:0 5 moles; 0.30 mg) in ethanol (50 mll were refluxed for 
o 
2 hours. The ethanol was evaporated, at 50 C, on a rotary 
evaporator until about 10 ml of solution remained. After 
the addition of water (20 ml), the solution was adjusted to 
pH 9 with sodium carbonate (1 M) and allowed to stand for 
fifteen minutes. The p-nitrophenyl derivative was extracted 
into chloroform (3 x 40 ml), which was evaporated to 
dryness. The residue was redissolved in the eluent (1.0 ml 
for aqueous solutions of ETU and 4.0 ml for analytical 
samples) and a sample (10 ul) was analysed on HPLC (see 
section 2.10 11 (i». 
The quantity of ETU was determined by the comparison with 
standard solutions of the 3-(p-nitrophenyl)-5,6-
dihydroinlidazo [ 2, I-b] thiazole . 
------------------------------------ -
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2.13 Preparation and characterisation of degradation products 
of ETU 
I. 2-imidazolin-~yl-sulphonate (XVI) 
The 2-imidazolin-2-yl-sulphonate (XVI) I-ras- prepared by the 
method of Singh & Marshall;.9r This involved treating ice cold sus-
pensions of finally ground ETU (1.96 x 10-3 moles; 0.2 g) in 
carbon tetrachloride (25 ml) with an excess of 30% hydrogen 
peroxide (4.0 x 10-2 moles; 5 ml). The precipitate was fil-
tered off and recrystallised from a mixture of ethanol and 
water (1:1) to give a sample ; m.p. 155-157oC (lit. 
156-15896 ); TLC (Rp) of 0.60 in methanol: acetic acid (9:1) 
using iodine as the detecting system; IR (nujol mUll) 3200, 
3180 and 2610 cm- l (secondary amine, NnRI R2) and at 1620, 
1215, 1070 and 650 cm-l (alkyl sulphonate); IH-NMR (CDC1 3) 
6.20 ppm (S) (lit. 6.03 (5)97). 
11. Jaffe's base (XX) 
Jaffe's oose(XX)kas prepared according to Johnson and Edens 98,99 
by treating ETU (4.9 x 10-3 moles; 0.5 g) in water with 0.4 M 
aqueous potassium iodide/iodine solution (25 ml). After 30 
minutes the precipitate was filtered off, redissolved in water 
and refluxed for 2 hours to give the salt of the Jaffe's base(XX). 
The free base was liberated by addition of aqueous ammonia, 
filtered off and recrystallised from ethanol. The product 
_ gave: m.p. of 236-23SoC (lit. 236-23SoC); UV (ethanol) Amax 
234, 260 nm (E, 11400, 12600) (lit. Amax 234, 262. nm , ~ 
11,600, 12600);100 lH-NMR (CDC1 3 ) 3.8 ppm (s,4H), 3.60 ppm 
(t, 2H) ,J.J2ppn(t, 2H) (lit. 3.8, 3.6, 3.35.~~); IR (nujol mull) 
870 cm- l TLC (RF ) 0.42 (lit. 0.44
96 ) in methanol: acetic 
acid (9:1) using iodine as detecting system. 
Ill. Imidazoline 
Imidazoline was synthesized by Newsome and pannopio's method,104 
which involved dropwise addition of 30% hydrogen peroxide 
(5 ml) to the aqueous solution of ETU (1.96 x 10-3 moles; 
0.2 g) in water (10 ml). The reaction mixture was stirred 
for 2 hours at 20 to 30oC. The solution was concentrated on 
a rotary evaporator (30oC) to approximately 2 ml. The residue 
was run onto a Dowex column 50 W X 8 (50-100 mesh) and eluted 
with 4M hydrochloric acid (100 ml). The eluate was evapo-
rated to dryness on a rotary evaporator (40oC). The residue 
was placed in a dessicator, for ~ 2 days, over sodium hydro-
xide pellets and evacuated. Aqueous ammonia (2-3 ml) was 
added to the residue. This residue was filtered off and re-
crystallised from ethanol (96%). 
5l-54oC (lit. 52_550 C187). 
The product gave a m.p. of 
2.14 Preliminary extraction procedure for ETU 
I. Thermal stability of ETU 
Duplicate solutions of ETU in methanol (0.10 I1g/ml; 5.0 ml) 
were evaporated to dryness at different temperatures (40-90oC) 
----- ---- --
70 
using a thermostated rotary evaporator. The residue was 
redissolved in water (5.0 ml) and ETU was assessed by direct 
HPLC method (see section 2.10.I: also section 2.29). 
II. Losses of ETU in hexane wash from methanolic solutions 
Duplicate solutions of ETU in methanol (0.10 vg/ml: 10 ml) 
were washed three times with hexane (3 x 100 ml). Hexane 
washes and methanolic solution were separated. The hexane 
washes and the methanol solution were each evaporated to dry-
ness on a rotary evaporator (50oC). Each residue was dis-
solved in water (lO.Cml) and analysed for ETU using the direct 
HPLC method (see section 2.10.I). 
In a second experiment, duplicate samples of lettuce leaves 
(40 g) were shaken with methanol (50 ml) for five minutes. 
Methanolic extracts were filtered (GF/F: 5vm). ETU (1.0 Vg/ml: 
5.0 ml) was added to the filtered extracts of methanol, which 
were extracted with hexane (3 x 100 ml). The hexane and the 
methanol fractions were analysed by HPLC as above. 
Ill. Volume of solvent required to elute ETU from an 
aluminium oxide column 
Duplicate solutions of ETU (2.00 Vg/ml: 2.0 ml) in methanol 
were run onto separate aluminium oxide columns (10.0 g: 30 cm 
x 2.5 cm i.d.). ETU was eluted with either methanol, ethanol, 
dichloromethane or chloroform portions (20, 10, 10, 10, 10, 
40 ml). The successive eluents were collected, evaporated to 
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dryness on a rotary evaporator (50oC) and redissolved in water 
(2.0 ml). ETU, in each eluent, was determined by ,the direct 
HPLC method (see Section 2.10.1). 
2.15 ETU levels in lettuce extracts: effect of daylight 
(in laboratory) 
Duplicate samples of whole lettuce leaves (10 g) were extrac-
ted, for five minutes, with either methanol, ethanol, water or 
chloroform (10 ml) and filtered (GF/F; 5 ~m). ETU (2.0 ~g/ml; 
5.0 ml) was added to each of the extracts (5.0 ml). The 
solutions were divided into two portions (5.0 ml), in closed 
silica tubes. One set of solutions was kept wrapped in an 
aluminium foil and left in the dark and the others under the 
lighting conditions of the laboratory (daylight). Concen-
tratiollSof ETUwere monitored with time, using the direct HPLC 
method (see section 2.10.1). 
The experiments were repeated with the coarsely chopped lettuce 
leaves (lO.g) and with the macerated lettuce leaves (lO.g),_ 
2.16 General extraction procedure of ETU from crops 
An aliquot of the coarsely chopped crops (40 g) was put into 
one-litre bottle. Methanol (2 x 100 ml, 1 x 50 ml) was added, 
the bottle closed and shaken vigorously for three minutes. 
The combined decanted extract was filtered through a filter 
paper (GF/F; 5 ~m), which was then washed with methanol 
(la ml). The combined filtrate was washed with hexane 
,------------------------------------------------
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(2 x 100 ml and 1 x 50 ml; each shaken for three minutes 
and discarded) • The methanolic extract was concentrated, 
on a rotary evaporator (~ SOOC) , to 5 ml. The residue was 
run on to an aluminium oxide column (10 g; 30 cm x 2.5 cm 
i.d.; plugged with cotton wool (1 cm) 
(1 g» packed in methanol. 
The column was eluted with methanol. 
and quartz sand 
The first 3 ml of the 
eluent was discarded. The remaining eluent was collected 
and evaporated ("'SOoC) to dryness to give the analytical 
sample. 
The analytical sample was either dissolved in water (4.0 ml) 
and analysed (10 Ill) by the direct H1I'LC method (Secti<,m 2.l0.I) 
or wasderivatis&d (,;~ Section~2.l2.III )' ~'li':h a!") excess of 
p--r.itrophenacyl . bromide. The p~nitr(jphenyl derivative • .... as 
c9.issolved irithe. eluent· (4,0 :lll) and detec':ed (10 1:ll) by 'HPLC 
methodueir..g a L'V detector and a PLRp":S column. ( 2.10. IT). 
with some crops (tinned celery and blackcurrant in syrup), 
the analytical sample was dissolved in chloroform (40 ml) 
and washed with water (2 x 25 ml). The chloroform was then 
evaporated off on a rotary evaporator (~ SOoC). The residue, 
final analytical sample, was analysed on HPLC by either 
method as above. 
The quantity of ETU in the eluent and therefore in the crops 
was determined by comparison with standard solutions of ETU 
73 
or its derivative, the 3-(p-nitrophenyl)-5,6-dihydroimidazo~ 
[2,1-b] thiazole. 
2.17 Preparation of crops in soil pots 
The crops were cultivated by the gardening staff at MAFF, 
Harpenden, using the following procedure: The soil was a 
mixture of soil, peat and soft sand by 7:3:2 parts unless 
stated otherwise. Lettuces (Salina and Webbs Wonderful) and 
spinach (Olerace) were initially grown in small pots (2" x 2") 
in the soil in the greenhouse, which was kept between 20 to 
22oC. The crops, at all times (also during spraying and 
uptake studies, pp. 76-78) were fed with tap water using a 
large circular tray, which was filled up with water daily. 
When the third leaf had appeared, the crops were gently pricked 
out and transferred into a large pot (9" x 9") in the same 
greenhouse. 
The crops were studied at a mature stage (lettuces, 150 to 
350 gl spinach, 100 to 150 g), either at Harpenden (MAFF) 
or after their transfer to a greenhouse at the University of 
Technology, Loughborough. 
2.18 Sampling of lettuces from soil pots 
The lettuces were cut from the base, adjacent to the top sur-
face of the soil. Each lettuce was weighed and cut, with a 
knife, into quarters, on a large plastic tray. Two diagonal 
quarters were then taken as analytical duplicates and were 
used for the direct HPLC method for the determination of ETU. 
The lettuces from the other two quarters (of the same lettuce) 
were subjected to the derivatisation procedure with p-nitro-
phenacyl bromide (Section 2.12.111), for the determination of 
ETU, before analysis on HPLC using a PLRP-S column. 
2.19 preliminary studies: Treatment of lettuces, spiking, 
and extraction with solvents 
Preliminary studies were undertaken with the untreated lettuces, 
which were quartered to give duplicate samples of whole, 
coarsely chopped (with knife), or macerated leaves (for one 
minute) • The quartered crop-samples were then spiked by 
pipetting with solutions of ETU in water (1.0 ml) to give known 
initial ETU contents. The pipette was cleaned with water 
(9 ml) and washings added to the crop-samples. Samples were 
left for five minutes, prior to the extraction of ETU. 
Other lettuces, which were grown in soil treated with ETU, 
were cut from the base (near the soil surface) and also quar-
tered to give duplicate samples of whole, coarsely chopped 
and macerated leaves. 
ETU was extracted, from the aliquots of the lettuce leaves 
(40 g), with a number of solvents (methanol, ethanol, water, 
dichloromethane and chloroform). Remaining extraction pro-
cedure for ETU (Section 2.16; after methanolic extraction 
step) was then applied to these extracts. ETU, in the 
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extracts of the aliquot lettuce leaves, was measured using 
the direct HPLC method (Section 2.l0.I). 
2.20 Test of extraction procedure 
An extraction procedure (Section 2.16) was applied to: 
50 ml of water (Le.blank) and to 50 ml of water plus a known 
amount of ETU (0.5 ~g to 50 ~g = to 0.01 ~g/ml to 1.0 ~g/ml 
in 50 ml water); 50 g of coarsely chopped lettuce leaves; 
and to a 50 g of lettuce leaves plus a known amount of ETU 
(5.0 ~g or 50 ~g = 0.1 ~g/g or l.O~g/g in lettuces). The 
experiments were done in duplicate. 
2.21 Extraction of ETU from EBDC (maneb) 
I. By methanol wash 
Duplicate samples of dispersible maneb (0.0102 g) were shaken 
thoroughly with three 10 ml volumes of methanol, each for 
three minutes. The combined methanolic extract was centri-
fuged, at 5000 r.p.m. for fifteen minutes. The combined 
decanted extract was filtered through a filter paper (GF/F; 
5.0 ~m). The filtrate was evaporated on a rotary evaporator 
(sOoC) to dryness. The residue was dissolved in water 
(1.0 ml), which was then analysed (10 ~l) on HPLC by the 
direct method or after derivatisation with p-nitrophenacyl 
bromide (see sections2.l0.I and II' & 2.l2.III). 
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11. By the extraction procedure 
Duplicate samples of dispersible maneb (0.0102 g) were extrac-
ted for ETU, using the extraction procedure in Section 2.16, 
pp. 71 The final extract (analytical sample) was dis-
solved in 1.0 ml of eluent before analysis on HPLC by either 
the direct method or after the derivatisation with p-nitro-
phenacyl bromide (see sections 2.10.1 and 11. & 2.12.IrI~ 
2.22 Effect of heating maneb 
Duplicate sample of dispersible maneb (0.0102 g/25 ml ethanol) 
and p-nitrophenacyl bromide (0.3 mg/25 ml ethanol; 96%) 
were refluxed either for 1 hour or for 5 hours. The ethanol 
was evaporated off on a rotary evaporator (50oC). The resi-
dues were dissolved in 1.0 ml of mobile phase and analysed 
(10 ~l) by HPLC using the PLRP-S column (Section 2.10.11) 
to obtain the ETU content, 
2.23 Degradation of ETU on lettuces after spraying 
During all the degradation studies of ETU on lettuces, the 
latter were continued to be bottom watered at all times. 
Six determinations of ETU, from three different lettuces, were 
conducted each day: two duplicate de terminations for ETU from 
two treated lettuces; and duplicate de terminations for ETU 
from an untreated lettuce. 
The leaves on the head of lettuces, which were being grown in 
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soil pots, were gently opened up by hand and released. 
solutions of ETU in water (12.0 ~g/50 ml or 250 ~g/50 ml) 
were sprayed over the leaf surfaces, using the pressurised 
TLC spray bottles (Shandon), which were held one foot above 
the lettuce. The lettuces, which were 'rested' on the 
table, were rotated with one hand, while spraying with the 
other hand. 
The TLC bottles were rinsed with water (2 x 10 ml), and the 
washings sprayed on the same lettuce. The lettuces were 
harvested at set times and ETU was determined on the same 
day by the direct HPLC and by the p-nitr.c;,:>hcmyl d~rivatisf.ltion 
HPLC methods. 
2.24 Degradation of ETU on lettuces after uptake from soil 
The leaves on the head of lettuces, which were growing in soil, 
were lightly tied together with a soft elastic band. Solu-
tions of ETU in water (2.0 to 10.0 mg in 10 ml water) were 
delivered dropwise from a pipette on to the top surface of the 
soil within a 5 cm radius of the central stem of the lettuce. 
The pipette was rinsed out on to the soil surface with water 
(20 ml). After 10 to 15 minutes the leaves were released 
from the elastic band. 
ETU was determined on lettuces at various times as above 
(pp. 71, Section 2.16). 
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2.25 Degradation of EBDC on lettuces after spraying 
Suspensions of mancozeb (0.6 g/30 ml), maneb (0.6 g/30 ml) 
or zineb (1.5 g/30 ml), in water, were sprayed following the 
procedure in Section 2.23. 
at various times as above. 
ETU was determined on lettuces 
2.26 Degradation of EBDC on lettuces after uptake from soil 
Suspension of maneb (1.0 g/50 ml) or zineb (2.5 g/50 ml) in 
water were applied to soil in pots containing lettuces, as 
above (Section 2.24). ETU was determined on lettuces at 
various times as above. 
2.27 Distribution of ETU within the leaves of the lettuces 
I. Extraction from ribbed and leafy parts of lettuce leaves 
After six days, when the lettuces had taken up a single appli-
cation of ETU (10.0 mg) from soil, ribs and leafy parts (40 g) 
were separately extracted and analysed for ETU by both HPLC 
methods. The experiments were done in duplicate. 
II. Extraction of ETU from different sides of the leaves 
of the lettuces 
Lettuces, which had been grown on soil treated with a single 
application of ETU (10 mg), were cut and studied on the sixth 
day. The upper or lower surfaces of the whole lettuce leaves 
- ----------------
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(100 g) were separately washed with methanol, from the pres-
surised, TLC spray bottles. The washings were analysed for 
ETU by both HPLC methods. The experiment was done in tripli-
cate. 
2.28 Determination of ETU in other crops 
A range of crops: lettuces (Salina or Webbs Wonderful), 
spinach (Olerace), tomatoes, cucumbers (all coarsely chopped), 
tinned celery and blackcurrants in syrup were extracted as 
blanks, and after spiking to give a known ETU concentration 
(0.005 to 0.10 ~g/g). The final extracts were analysed by 
both RPLC methods. The determinations were done in tripli-
cate. 
2.29 Interaction of ETU with microorganisms 
I. stability of ETU to autoclaving 
Concentrations of ETU in water (0.10, 10.00 and50~0~g/m11 
10 ml) or in various media (GP, G, S)(see 2.5) were determined before 
and after sterilisation (120oC/20 minutes) using the direc\\···HPLC 
method of analysis. 
11. Effect of ETU on growth of organisms 
Loopfulls of microorganisms were inoculated in defined glu-
cose medium (G) or in Sabouraud medium (S) in the absence,. and 
-4 presence of ETU (8 x 10 to 2500 ~g/m11 25 ml in appropriate 
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sample tubes). These samples (culture medium) were incu-
bated (unshaken) for seven days at 250 C (for fungi) or 300 C 
(for bacteria) • Small volumes were removed (after 48 hours), 
from culture medium, and growth of organisms was measured as 
an increase in optical density at 650 nm on a spectrophoto-
meter. Small volumes were also removed (on day 0, 2 and 7 
from culture"inediumcoiltaitiinij 'ETU from~O.Ol to' 
250 ~g/ml), and centrifuged at 5000 r.p.m. for fifteen 
minutes. The supernatants were filtered using cellulose 
acetate filters (Oxoid; 0.45 ~m) and analysed (10 ~l) by the 
direct HPLC method of analysis, using an ODS-Hypersil column, 
eluent, water and a UV detector at 233 nm. Where practical 
the sample was immediately returned to the appropriate con-
tainers and incubation continued. 
Experiments were performed in duplicate for the determination of 
ETU content. In addition a derivatisation of the culture supernatant 
containing ETU at 0.01 ~g/ml was conducted with p-nitrophenacyl 
bromide to determine ETU content. 
Ill. ETU as sole carbon or nitrogen source 
Loopfulls of microorganisms were inoculated in defined glucose 
medium (G; 20 ml) or in Sabouraud medium (S; 10 ml). 
Samples of media in which ETU (50.0 or 100.0 ~g/ml) had rep-
laced nitrogen or carbon sources were also included. These 
cultures were kept shaken and incubated (for seven days) in an 
orbital incubator at 100 r.p.m. at 250 C (fungi) or 300 C (bac-
teria) • culture optical density at 650 nm was measured 
81 
(from culture medium - as above Section 2.29.II) at 24 hour 
intervals for 112 hours. 
ETU content of the mediawasalsomeasur~from culture medium -
as above Section 2.29.II; in duplicate) at various time 
intervals (up to 7 days) using the direct HPLC method of 
analysis. 
The experiments were repeated with solutions of ETU (5Q.~g/ml; 
10 ml) including defined glucose free version of medium, G 
(8.8 ml), in which ammonium nitrate (1.0 M; 0.2 ml) had 
replaced casamino acids and thymine. Culture optical den-
sity was measured (at 650 nm) at various time intervals, for 
three days. To confirm nitrogen depletion during experi-
mental procedures small quantities of ammonium nitrate (1.0 M; 
0.2 ml) were added (where appropriate) to non-growing cultures 
to initiate growth. 
ETU contents of modified version of defined glucose free 
medium, G, were measured on the third day using the direct 
HPLC method of analysis. 
The culture medium was immediately returned (in appropriate 
containers) and incubation continued after each measurement 
was completed. 
IV. Effect of increased quantity of microorganisms on ETU levels 
Organisms (after loopfull inoculation) were grown (unshaken) 
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overnight at 2SoC in defined glucose medium (G) and centri-
fuged (SOOO r.p.m. for IS minutes). Some of the organisms 
were resuspended in a glucose free version of medium G (con-
taining ETU at 20.0ug/ml, 20 ml) so that the final culture 
optical density was about 0.4 (at 6S0 nm) and shaken at 2Soc 
in an orbital incubator (100 r.p.m.) for four days. Small 
samples were removed from the culture medium to measure 
culture optical density at 12 hourly intervals. The culture 
medium was immediately returned (into appropriate containers) 
and incubation continued after each measurement of optical 
density was completed. 
After 72 hours the ETU content (of the culture medium was 
determined using the direct HPLC method of analysis (Section 
2.10(I». 
v. Effect of contents of disrupted cells on ETU 
Organisms were grown (unshaken) in defined glucose medium (G) 
at 2SoC to an optical density of greater than 1.0 (6S0 nm). 
The cells were disrupted (to obtain cytoplasmic contents)ultra-
sonically (S x 1 minute) below 20°C in ice jacketed vessels. 
The contents of the organisms, from the centrifuged (SOOO r.p.m. 
for fifteen minutes) were added to the solutions of ETU in 
phosphate buffer, pH 7.2 (20.0 )Jg/ml, 20 mll. These were 
incubated at 2SoC. ETU content of' the cultures was 
8) 
determined as previously (Section 2.29.11) (for 72 hours) by 
direct HPLC method • Where practical, the sample was imme- / 
/ 
diately returned and incubation continued after each measure-
ment of ETU content was completed. 
2.30 Interaction of ETU and soil 
I. Effect of soil on ETU 
The five soil samples (Section 2.4; P.54) were air dried 
on large trays, ground up, and sieved to give a powdered mesh 
size between 12 and 30. The soils (10.0 g) were then placed 
in glass columns (30 cm x 2.5 i.d.) plugged with quartz sand 
(~ 1 g) on cotton wool (~ 1 g). 
Two pairs of duplicate columns of each soil were prepared. 
One pair was oven-sterilised at l600 C for 2 hours and then 
cooled. The other pair was kept at room temperature. 
Control columns were made which contained sand only. 
Solutions of ETU (1000.0 ~g/ml: 2.0 ml) in water were allowed 
to run onto each column from a pipette. The pipette was 
rinsed with water (~ 2 ml) and the rinsing was allowed to 
run onto columns, which were left for twenty four hours. 
The columns were then eluted with water (50 ml) and after 48 
hours with 2 x 15 ml. The experiments were repeated using 
ETU free soils or soil plus sand. The eluents were filtered 
~-----------------------------------------------------------------------------
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through a filter paper (GF!F1 5.0 vm) and analysed (10 VI) 
for ETU by a direct HPLC method of analysis. The quantity of 
ETU, in eluates, was determined by comparison with the stan-
dard solutions of ETU in water. 
In the initial trials, to determine elution rates, the columns 
were eluted successively with water with 5, 5 and 15 ml after 
24 hours, and then with 15 ml after 48 hours. 
II. Effect of microorganisms, separated from soil, on ETU 
Loopfulls of aqueous washings from blank soil (Arthur Rich-
mond) columns were sloped on nutrient agar slopes and incu-
bated at 300 C for 7 days. A loopfull from these agar slopes 
was added to solution of ETU in water or in defined glucose 
medium, G,(lO.O vg!ml1 50 ml) in flasks and left at room 
temperature (20-30oC) for 7 days in the dark (all flasks 
wrapped in aluminium foil). 
Samples from the above flasks were taken at various inter-
vals, centrifuged (5000 r.p.m. for 15 minutes) and Buper-
natant analysed (10 vI) for ETU using the direct HPLC method 
of analysis. 
CHAPTER 
T H R E E 
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3.1 Development of Standard Direct Method of Analysis of 
ETU on HPLC 
Table 3.1: Effect of eluent composition on the retention 
an • 
of ETU onkODS-Hypers~l column on HPLC. 
Fig. 3.l(i): Chromatography of ETU on HPLC. 
Fig. 3.2: Effect of solvent used to prepare solutions of 
ETU and their separation on an ODS-Hypersil 
column, using water as eluent. 
Fig. 3.3: Calibration curve for the determination of 
ETU by a standard direct method of analysis' 
on HPLC. 
Fig. 3.4: Determination of limit of detection of ETU. 
3.2 Derivatisation of ETU 
I. Characterisation of 2-(benzylthio)-2-imidazoline (XXXV) 
Table 3.2: Physical properties; IR, UV, and IH-NMR 
spectra for 2-(benzylthio)-imidazoline 
(XXXV). 
3.3 Cyclisation reactions of ETU with phenacyl halides to 
give imidazo[2,1-b]thiazoles. 
Table 3.3: Reactions of ETU with a range of phenacyl 
halides to give corresponding imidazo[2,1-b] 
thiazoles (XLVII-L). 
Table 3.4-3.8: Physical and IR,UV,NMR (lH and l3C) and MS 
spectral properties of imidazolL2,l-bJthiazoles. 
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3.4 Chromatography of Imidazo [2,1'-b]thiazOle Derivatives 
on HPLC 
1. Separation of p-nitrophenyl derivative (XLVIII) on ODS-
Hypersil columns. 
Table 3.9: Effect of eluent composition (methanol:water 
at neutral and at pH 9.0) on the separation 
of p-nitrophenyl derivative (XLVIII) on an 
ODS-Hypersil column. 
II. Separation of p-nitrophenyl derivative (XLVIII) on 
silica columns. 
Table 3.10: 
Fig. 3.5: 
Fig. 3.6: 
~ffect of concentration of perchloric acid, 
in the eluent, methanol, on the separation 
of p-nitrophenyl derivative (XLVIII) on a 
silic a column. 
The calibration of p-nitrophenyl derivative 
(XLVIII) on a silica column using HPLC, eluent, 
methanol:perchloric acid (99.95:0.05). 
Determination of limit of detection of ETU 
III. Separation of p-nitrophenyl derivative (XLVIII) on 
PLRP-S ,. polymer columns. 
Table 3.11: Effect of increasing methanol in the eluent, 
methanol: water, on the separation of 
p-nitrophenyl derivative (XLVIII) on PLRP-S 
column. 
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Table 3.12: Effect of different organic components in 
the alkaline eluents, methanol:aqueous ammonia, 
pH 9.0 or acetonitrile-aqueous ammonia, pH 9.0, 
on the separation of p-nitrophenyl derivative 
(XLVIII) on PLRP-S column. 
Table 3.13: Effect of pH on the separation of p-nitrophenyl 
derivative (XLVIII) on PLRP-S column. 
Table 3.14: Effect of percentage ammonium nitrate in the 
eluent, acetonitrile:aqueous ammonia (80.20) 
pH 9.0, on the separation of p-nitrophenyl 
derivative (XLVIII) on PLRP-S column. 
IV. Calibration and Comparison of Tmidazo[2,1-bJthiazoles 
(XLVIII-L) on a (PLRP-S) Polymer Column 
Table 3.15: comparison of calibration, detection, capacity 
factors and limits of detection.of imidazo-
[2,1-b]thiazoles on a PLRP-S column. 
Fig. 3.7: Comparison of calibration curves of the 
imidazo[2,1-b]thiazoles (XLVIII-L) on a PLRP-S 
column, using HPLC. 
Figs 3.8 & 3.9 Determination of limit of detection of ETU 
Fig. 3.10 & 
3.11 
Table 3.16: 
(80:20 buffer as the eluent). 
Calibration for determination of ETU as 
p-nitrophenyl derivative (XLVIII) on a PLRP-S 
column. 
percentage yield (82-98%) and peak heights of 
the p-nitrophenyl derivative (XLVIII) prepared 
from a range of ETU solutions. 
,-------------- ------------------------_. - -
Fig. 3.12 & 
3.13: 
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Determination of limit of detection of ETU 
(50:50 buffer as the eluent). 
3.5 Other Techniques of Determining Imidazo[2,1-bJthiazoles 
Fig 3.14: Emission fluorescent spectrum of solutions 
of naphthyl derivative in ethanol and 
naphthacyl bromide. 
3. 6 Preparation and Separation of Degradat'ion Products of ETU 
Table 3.17: Retentions and capacity factors for the 
degradation products of ETU. 
3.7 Extraction of ETU from Lettuce Samples 
I. Development of fractionationsteps used in the extraction 
procedure of ETU-
(i) The effect of evaporation temperature on ETU 
(Table 3,18) • 
(H) : 
(Hi) : 
The effect of hexane wash from methanolic 
solutions of ETU and from methanolic extracts 
of lettuces containing ETU. (Table3.19). 
Study of the volume of solvent required to 
elute total ETU from aluminium oxide column. 
(Table 3.20) 
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(11) Test of developed extraction procedure from aqueous 
solutions of ETU and from lettuce extracts containing 
ETU 
3.8 study of Treatment of Lettuces before Extraction of ETU 
1. Extraction from lettuce samples spiked with ETU 
Fig. 3.15: Comparison of recovery of ETU with various 
solvents, from coarsely chopped lettuces 
(spiked with ETU). 
Fig. 3.16: Effects of treatment of lettuce samples 
(spiked with ETU), on recovery of ETU with 
methanol. 
11. Extraction of incorporated ETU from lettuces 
Fig. 3.17: 
Figs 3.18 & 
3.19 
Table 3.21 & 
3.22 
Relative extraction of ETU with different 
solvents from lettuces, which have taken up 
ETU from soil. 
The study of interferences on the extracts 
of blank lettuces and spiked lettuces, using 
the direct HPLC or p-nitrophenyl derivatisation 
method, 
Recovery of ETU from aqueous solutions 
containing ETU and from lettuces spiked with 
ETU. 
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Ill. Degradation of ETU in different extract of 
lettuce leaves and effect of daylight on ETU 
Fig. 3.20 : study of stability of ETU in different 
extracts of lettuce leaves and effect of 
daylight on ETU 
IV. Distribution of ETU within the leaves of the lettuces 
Table 3.23: 
Table 3.24: 
Comparison of yield of extraction of ETU from 
ribs or leafy parts of the leaves of the 
lettuces, which have taken up ETU from soil. 
Comparison of the recovery of ETU from different 
sides of the leaves of the lettuces, which 
have taken up ETU from soil. 
3.9 Determination of ETU Derived from 
Ethylenebisdithiocarbamates 
I. Use of extraction method 
Table 3.25: Application of the developed extraction 
method and the analytical methodsto determine 
ETU levels in the aqueous suspension of 
maneb" & in the presence of lettuces. 
11. Degradation of maheb heating 
Table 3.26: Effect of heating the maneb before analysis 
using standard p-nitrophenyl derivatisation 
method. 
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3.10 Degradation of ETU or EBDC on lettuces 
Two lettuces were harvested each time. The determinations 
for ETU were carried out in duplicates in each lettuce and 
the mean value versus time is plotted for each lettuce. 
I. Degradation of ETU on lettuces 
Figs. 3.21 & 
3.22: 
Figs. 3.23 & 
3.24: 
Table 3.27: 
Determination of ETU after spraying on lettuce 
leaves. 
Determination of ETU in lettuce leaves 
following uptake from soil treated with ETU. 
The study of determination of ETU in lettuce 
leaves following uptake from different soils, 
which had been treated with ETU. 
11. Degradation of EBDC on lettuces 
Figs. 3.25 & 
3.26: 
Figs. 3.27 & 
3:28: 
Study of determination of ETU on lettuce 
leaves following spraying with mancozeb or 
maneb. (Fig. 3.25) or zineb (Fig. 3.26). 
Study of determination of ETU in lettuce 
leaves following uptake after an application 
of zineb (Fig. 3.27) or maneb (Fig. 3.28) 
to soil. 
93 
3.11 Determination of ETU in other crops 
I. Interferences from blank crop extracts 
Figs. 3.29-
3.50: Determination (chromatograms) of ETU from 
different crops. 
Table 3.28: Concentration of ETU in untreated crops. 
II. Recovery of ETU from different crops spiked with 
ETU at 0.01 to 0.1 mg/g 1Table 3.29) 
Ill. Limit of detection (LOO) of ETU from different 
crops spiked with ETU (Table 3.30) 
IV. Application of extraction method and the analytical 
methods, in the collaborative study (Table 3.31). 
3.12 Interaction of ETU with Microorganisms and soils 
I. ETU and selected microorganisms interaction 
(i) Stability of ETU in water and medium 
Table 3.32;. The effect of autoclave condition on ETU. 
II. Effect of ETU on growth of organisms 
Fig. 3.51' 
Table 3.33: 
The effect of ETU on optical density '(OD) 
of cultures after 48 hours, incubated at 
25~C or 30°C. 
Minimum inhibitory concentration (MIC) of ETU 
against bacteria and fungi. 
Tables 3.34a -
3.34f: Determination of stability of a range of 
Figs. 3.52 -
3.57: 
Tables 3.35 -
3.40: 
Fig. 3.58: 
Table 3.41: 
Table 3.42: 
Table 3.43: 
concentrations of ETU in defined glucose 
medium and Sabouraud medium in the presence 
of micro-organisms. 
Effect of ETU on the growth of organisms in 
various cultures. 
Determination of the stability of ETU in 
different cultures in the presence of 
different organisms. 
The effect of ammonium nitrate on the growth 
of the organisms in nitrogen depleted medium 
containing ETU. 
Determination of the stability of ETU, for 3 
days, after incubation in cultures based on 
defined glucose medium (minus thymine and 
casaminoacids) plus ammonium nitrate. 
The effect on growth of organisms after 
resuspending from defined glucose medium (no ETU) 
into glucose free medium (containing ETU) . 
Determination of stability of ETU after 
resuspending the organisms from defined glucose 
medium {no ETU) into defined glucose free 
medium containing ETU. 
Table 3.44: 
ppm = Jlg/ml 
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The determination of the stability of ETU in 
water containing all contents released from 
Ps. aeruginosa after using ultrasonic treatment. 
3.12 Interaction of ETU with Soil and Inherent Microorganisms 
III. Soil and ETU interaction 
Table 3.45: 
Table 3.46: 
Table 3.47: 
Determination of volume of water required to 
elute all the ETU, placed onto columns of 
different types of soils. 
The recovery of ETU from column of non-sterile 
and sterile soil samples with single volume 
elutions. 
The effect of micro-organisms isolated from 
soil (Type IV) on ETU. 
,--------------------------------_.------------------------------------
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Table 3.1: Effect of eluent composition on the retention of 
ETU on an ODS-Hypersil column 
Separation of ETU (in eluent) on an ODS-Hypersil column (5 ~m) 
using eluent, methanol:water (70:30 to 0:100), and UV detec-
tion at 233 nm by HPLC. to = 1.16 measured by injecting a 
dilute solution of sodium nitrate in water. 
Eluent composition (methanol:water) 
70:30 50:50 30:70 0:100 
tR (min) 1.16 1. 22 1. 38 2.77 
k- 0.00 0.05 0.18 1. 38 
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Table 3.2: Physical properties, IR, UV and NMR spectra of 
2-(benzylthio)-2-imidazoline (XXXV) 
Derivative % m.p./oc UV Amax/nm (e) IR 
yield vibrational 
bands/cm- l 
2- (benzylthio) 90 68-70a 233 (9400) CH/aromatic 
(3015) 
-2-imidazoline 
N-H 
68_69°C 65 (3250) 
or C=N 
(1610) 
Proton-NMR spectra of2-(benzylthio)-2-imidazoline (XXXV) 
and ETU 
IH-NMR spectra measured at 90 MHz as CDC1 3 solutions. 
Chemical shifts relative to TMS. 
2-(benzylthio)-2-
imidazoline (XXXV) ETU 
Signal due Chemical Chemical 
to group shift/ppm Intensity shift/ppm Intensity 
R (aromatic) 7.37 m 5 - -
CH 2 4.26 s 2 - -
N-H 4.80 s 1 7.90 s 1 
CH2-CH2 3.60 s 4 3.52 s 2 
s = singlet 
m = multiplet 
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Table 3.3: The reactions of ETU with a range of phenacyl 
halides to give corresponding imidazoC2,I-b]thiazoles 
The reagents and the corresponding imidazo[2,I-bJthiazoles for 
the reaction of ETU and phenacyl halides 
Imidazo[2,I-b]thiazole (XLVII-L) 
Reagent Aryl group ( R) Derivative 
Br-CH -CO-C H phenyl 3-phenyl-S,6-dihydro-2 6 5 imidazo [2, l-bJthiazole 
phenacyl bromide (XLVII) 
BrCH2-CO-C 6H4N0 2 p-nitrophenyl 3-(p-nitroPhenEI )-S,6-dihydroimidazo 2, l-b]-
p-nitrophenacyl thiazole (XLVIII) 
bromide 
BrCH2-CO-CI2Hg p-phenylphenylene 3-(p-phenylphenylene) 
-S,6-dihydroimidazo-
p-phenylphenacyl [i,l-b]thiazole (XLIX) 
bromide 
BrCH 2-CO-C IOH7 naphthyl 3-naPhthll-s,6-dihYdro 
-imidazo 2,I-b]thiazole 
naphthacyl (L) 
bromide 
Table 3.4: Physical properties, IR and DV spectra: of the imidazo[Z, l-W thiazoles and ETU 
Derivative 
R 
Yield % 
o 
m.p./ C (base 
or salt) 
(recrystalli -
sing solvent) 
UV spectra 
Amax (nm) 
log (E:) 
Infra-red spectra 
(cm-I) 
N-H 
C-H/aromatic 
C=N 
C-N 
XLVII XLVIII 
phenyl- p-nitrophenyl 
68-72 85-95 
111-112a 216.5-Z18b 
(ethanol) (benzene-petro-
leum ether) 
265 320 263 390 
3.95 3.66 4.26 3.26 
3012 3012 
1610 1610 
1590 1590 
970 970 
XLIX 
p-phenylphenylene-
69-80 
138-140 (base) 
322-324°C salt 
(chloroform) 
264 325 
4.45 3.96 
3012 
1610 
1590 
970 
L 
naphthyl-
70-80 
83-85 (base) 
-
250-252d (sal t) 
(methanol) 
233 267 320 
4.52 4.18 3.84 
3012 
1610 
1590 
970 
ETU 
200-203 
233 
4.11 
3250 
970 
a) Lit.: 111-113 72 ; 110-111 (ethanol) 193; 112-113 (benzene 89% yield) ;194 110-111 (ethanol);195 109-112.5 200 
b) Lit.: 216-218 (ethanol, 64%);193 215-218 (ethanol) ;195 168-170 198 
194 
c) Lit.: 323-324 (petroleum ether) 
d) Lit.: 242-248 (et~anol) 194 
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Table 3.5: Elemental analysis of the imidazo[2,1-b] 
thiazoles (XLVII-L) 
Derivative/Group R 
XLVII XLVIII XLIX 
Phenyl- p-nitro- phenyl-
phenyl- phenylene-
Elemental (a) (b) (a) (b) (a) (b) 
analysis 
Formula Cll HION2S CllH9N3S0 2 C17H14N2S 
C 65.7 (65.3) 52.9 (53.4) 72.2 (73.3) 
H 5.2 (4.9) 3.6 (3.6) 5.0 (5.1 ) 
N 13.5 (13.9) 16.5 (17.0) 9.5 (10.1) 
S 16.9 (15.9) 12.8 (12.9) 10.8 (11. 5) 
(a) = found 
(b) = expected 
L 
naphthyl-
(a) (b) 
C15H12N2S 
70.3 (71.4) 
4.7 (4.8) 
11.1 ( 11.1) 
12.2 (12.7) 
• 
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Table 3.6: Proton-NMR spectra of imidazo[2,1-tUthiazoles (XLVII-L) 
The spectra were measured at 90 MHz as CDC1 3 solutions and the 
chemical shifts are relative to TMS 
Derivative/Group R 
XLVII XLVIII XLIX L 
phenyl- p-nitro- p-phenyl- naphthyl-
phenyl phenylene 
Signal assigned Chemical shifts 
to Group ppm (multiplicity)*, J Hz 
R 7.35 (s) 8.3,7.65 (m) 7.7-7.4 (m) 7.9-7.4 (m) 
CH=C 5.7 (s) 6.15 (s) 5.7 (s) 6.1 (s) 
CH'2CH 2 (J) 4.2-3.9 4.3-3.9 4.2-3.9 4.3-4.0 
(t, 0.9 HZ) (t, 0.9 Hz) (t, 0.9 Hz) (t, 0.9 Hz) 
Intensity ratio 
- -
R :CH=C:CH2CH 2 5 : 1 : 4 4 : 1 
. 4 9 : 1 : 4 7 : 1 : 4 . 
s = singlet, m = multiplet, t = triplet 
Signal for ETU (measured as above) = N-H (7.9 ppm, 2H), 
, 
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Table 3.7: 13C NMR spectra of imidazo(2,1-b]thiazoles (XLVII-L) 
The spectra were measured at 20.1 MHz as CDC1 3 solutions and the 
chemical shifts are relative to TMS 
Derivative XLVII XLVIII XLIX L 
R phenyl p-nitro- p-phenyl- naphthyl-
phenyl- phenylene-
Signal due Chemical shifts/ppm 
to groups 
S 
I 
C (s) 170.2 170.5 170.3 170.8 
#\ 
N N 
~ 
C - R (s) 131. 0 131.0 129.7 129.8 
/ 
N 
- C@ (s) 137.4 137.4 137.4 137.4 
* (tertiary** c-
atoms) in the 144 138, 142 138, 142 
aromatic rings 
(a) S - CH = 98.1 100.1 98.1 100.7 
(b) CH 2-CH 2 48.4, 60.6 48.4, 58.4 48.4, 60.6 48. 4, 58.4 
(a) and (b) = coupled 
* Other carbon atoms in the ring except ternary atoms**gave 
signals at 120-129 ppm and were coupled. 
s = singlet 
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Table 3.8: Mass spectra of imidazo[2,l-~thiazoles (XLVII-L) 
Mass ot ion (m/z) (% peak sl.ze) 
Derivative XLVII XLVIII XLIX L 
R phenyl- p-nitro- p-phenyl- naphthyl-
phenyl- phenylene-
M+·/molecular 202 (100) 247 ( 100) 278 (100 ) 252 (100) ion 
201 (86.5) 246 (59.4) 279 (20) 251 (70.1) 
Fragment ion 
assigned to 
group 
C5H12 
+. 72 (7.2) 72 (11.2) 72 (6.2) 72 (5.1) 
R· 77 (10.7) 120 (5.1 ) 152 (11. 2) 127 (10.1) 
122 (4.3) 153 (10.9) 
(M+·-l00) 102 (60.9) 147 (10.1) 178 (52.2) 152 (10.1) 
(M+· -R) 125 (5.5) 125 (3.2) 125 (3.2) 125 (10.1) 
. +HS-C=C-R 134 (24.5) 178 (4.5) 209 (5.8) 183 (13.2) 
179 (4.3) 210 ( 4.2) 184 (13.4) 
CH+· 
I "-N NH 68 (0.2) 68 (0.1 ) 68 (0.2) 68 (0.1 ) 
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Table 3.9: Effect of eluent composition on the separation of 
p-nitropheny1 derivative (XLVIII) on ODS-Hypersi1 
column 
separation of the 3-(p-nitropheny1)-5,6-dihydroimidazo(2,1-b] 
thiazo1e (XLVIII) on ODS-Hypersi1 (5~m); eluent, methanol: 
water (50:50 to 95:5) and methano1:aqueous ammonia (pH 9.0, 
95:5); UV detection at 263 nm. 
Eluent composition 
(methano1:water) methanol: 
aq.ammonia 
Neutral Neutral Neutral pH 
50:50 75:25 95:5 95:5 
k' 20.0 12.6 6.5 3.0 
W,> (cm) 8.0 5.0 1.8 1.0 
Efficiency (N) 340 179 162 220 
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Table 3.10: Effect of concentration of perchloric acid on the 
separation of p-nitrophenyl derivative (XLVIII) 
on a !i:..i I:...:i....:c....:a,---,--,c:;:..o:;:..l=.u=m:.::noo 
Separation of the 3- (p-ni trophenyl) -5, 6-dihydroimidazol !2,l-b]-
thiazole (XLVIII) on silica - column (5 llm), eluent, methanol 
plus perchloric acid (0.005 to 0.1% v/v); UV detection at 
263 nm. 
Eluent 
% perchloric acid in methanol 
0.005 0.01 0.02 0.05 
, 
0.1 
tR (min) 6.0 5.2 4.0 2.7 2.6 
W" (cm) 2.0 1.5 0.35 0.21 0.2 
Efficiency (N) 50 665 723 915 935 
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Table 3.11: Effect of increasing methanol in the eluent on the 
separation of the p-nitrophenyl derivative (XLVIII) 
on polymer column (5 ~m) 
HPLC retention time, peak width at half height and capacity 
factor for the derivative (XLVIII) on a PLRP-S column (5 ~m) 
and UV detection at 263 nm. 
Eluent 
methanol:water 
70:30 80:20 90:10 
tR (min) 11. 5 8.0 6.8 
k' 7. 8 5.1 4.2 
W., (cm) 4.7 2.7 1.8 
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Table 3.12: Effect of different components in the alkaline 
eluent on the separation of p-nitrophenyl 
derivative (XLVIII) on polymer column (5 ~m) 
HPLC retention time (min), peak width at half height (cm), 
capacity factor and the efficiency of the column (N) for the 
derivative (XLVIII) on a PLRP-S column (5 ~m). pH controlled 
by addition of ammonia. UV detection at 263 nm. 
Eluent mixture at pH 9.0 
Methanol: aqueous Acetonitrile: 
ammonia aqueous ammonia 
(80:20) (80:20) 
tR (min) 6.0 5.0 
k' 3.6 2.8 
w~ (cm) 1.0 0.6 
Efficiency (N) 199 384 
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Table 3.13: Effect of pH on separation of p-nitrophenyl 
derivative (XLVIII) on polymer column 
HPLC retention time (min), peak width at half height (cm), 
capacity factor and efficiency (N) for the derivative (XLVIII) 
on a PLRP-S column (5 ~m); eluent, acetonitrile:aqueous 
ammonia (pH 7 to 10), (80:20); UV detection at 263 nm. 
Eluent, acetonitrile:aqueous ammonia 
(80: 20) 
pH 
7.0 8.0 9.0 10.0 
tR (min) 10.0 9.7 5.0 4.8 
k' 6.7 6.4 2.8 2.6 
w~ (cm) 1.5 1.2 0.6 0.5 
Efficiency (N) 246 361 384 421 
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Tab~e 3.~4: Effect of ammonium nitrate on separation of p-
nitropheny~ derivative (XLVIII) on polymer column 
HPLC retention time (min) , peak width at half height (cm), 
capacity factor (k') and efficiency for the derivative (XLVIII) 
on a PLRP-S column (5 ~m); eluent, acetonitrile: aqueous 
ammonia containing ammonium nitrate (0-2.0%) at pH 9.0 
(80:20); UV detection at 263 nm. 
Eluent 
. % ammonium nitrate in acetonitrile: 
aqueous ammonia pH 9.0 (80:20) 
0 0.1 0.3 0.6 0.9 1.2 1.5 2.0 
tR (min) 5.0 3.9 2.9 2.4 2.3 2.2 1.8 1.5 
k' 2.8 2.9 1.9 1.4 1.3 1.2 0.8 0.5 
Wl:; (cm) 0.6 0.5 0.4 0.3 0.28 0.25 0.2 0.1 
Efficiency (N) 384 337 291 354 373 429 448 865 
. 
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Table 3.15: Comparison of the calibration of the imidazole-
C2,1-b)thiazoles (XLVIII to L) on a PLRP-S column 
Comparison of the capacity factor (k'), detector wavelengths, 
calibration curves (from Fig. 3.7) and the limits of detection 
of imidazole[2,1-b]thiazole derivatives (XLVIII to L) on a 
PLRP-S column (5 ~m); eluent, acetonitrile:aqueous ammonia/ 
ammonium nitrate (1.5%) buffer pH 9.0 (80:20); UV detection 
at wavelength maximum. Range was 0.005 to 0.04 AUFS for 
10 ~l injections. 
Derivative/R 
XLVIII XLIX L 
p-nitro- p-phenyl- naphthyl-
phenyl- phenylene-
Detection wavelength (nm) 263 267 264 
Capacity factor k· 
Reagent 4.00 8.03 5.16 
Derivative 0.80 2.16 1. 80 
Correlation coefficient 0.9995 0.9998 0.9996 
* Intercept/ mm x AUFS 0.00 0.00 0.00 
Slope m.m/ng 0.059 0.036 0.039 
Limit of detection of ETU 0.04 0.18 0.20 (ng) • 
AUFS: Absorbance unit full scale 
* see Fig. 3. a I 3. q 
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Tab1e 3.16: Percentage yield and peak heights* of the p-nitro-
phenyl derivative (XLVIII) prepared from a range 
of ETU solutions 
The determination of aqueous solutions of ETU as p-nitrophenyl 
derivative (XLVIII) on a PLRP-S column (5 ~m); eluent, 
acetonitrile:aqueous ammonia/ammonium nitrate (1.5%) buffer 
pH 9.0 ((a) 80;20 or (b) 50:50) and UV detection at 263 nm. 
AUFS 0.01 (for eluent, a) and 0.005 (for eluent, b). 
ETU injected peak height ETU found % yie1d 
(ng) (mm x AUFS) (ng) 
(a) (b) (a) (b) (a) (b) (a) ( b) 
0.000 0.000 0.000 0.015 0.000 - - -
0.023 0.078 0.028 0.045 0.019 0.064 83 82 
0.033 0.130 0.031 0.075 0.028 0.108 85 83 
0.067 0.190 0.075 0.120 0.054 0.186 81 98 
0.167 0.260 0.205 0.160 0.146 0.252 87 97 
0.233 0.520 0.280 0.320 0.1.98 0.487 85 93 
0.670 0.780 0.900 0.475 0.620 0.740 93 95 
.1. 340 1. 300 1. 840 0.800 1. 256 1. 230 94 94 
* For calibration see Figs 3.10and 3.11. 
AUFS = Absorbance Unit Full Scale 
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Table 3.17: Retentions and capacity factors for the 
degradation products of ETU 
Retention time and capacity factors for the ETU and its degra-
dation products, on ODS-Hypersil column, using eluent, water 
(100%) and a UV detector at 233 nm. to measured by injecting 
a dilute solution of sodium nitrate solution in water. 
Compound 
imidazoline hydantoin sulphonate EU Jaffe's 
base 
- -
(XVI) (XVII ) (XX) 
tR (min) 1.1" 2.4 1.5 2.8 1. 2"5 
k' 0.0 1.°6 0.29 1. 4l 0·°7 
ETU 
(I) 
3.2 
1.\ 
H3 
Table 3.18: The effect of evaporation-temperatures on the 
stability of ETU, in methanol 
Comparison of the percentage recoveries of ETU (5.0 ~g; 
0.1 ~g/ml) from solution of methanol (50 ml), which were 
evaporated to dryness on a rotary eVaporator at different 
temperatures. The residue was redissolved in water (5.0 ml) 
and analysed by the direct HPLC methodmmODS-Hypersil column, 
eluent, water (100%) and UV detection at 233 nm. 
Temperature/oC 50 60 70 80 90 95 
% mean recovery 99.4 99.0 99.5 81. 0 49.6 49.4 
from duplicate 
samples (± range) (0.1) (0.9) (0.3) (7.4) (4.4) (4.2) 
----------
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Table 3.19: The effect of hexane wash from methanolic solutions 
of ETU and from methanolic extracts of lettuces 
(50.0 g) containing ETU (0.10 ~g/g) 
Comparison of the recovery of ETU following hexane washes 
(3 x 10 ml) of methanolic solutions (0.10 ~g/ml, 50 ml). 
The methanolic solutions were evaporated to dryness, redissolved 
in water (10 ml) and analysed by the direct HPLC method on OD8-
Hypersil column, eluent, water (100%) and UV detection at 233 nm. 
% ETU remaining in the methanolic extraction 
or in the hexane washes from duplicate 
experiments (±. range) 
methanolic extraction hexane wash 
Absence of 
lettuces 99.8 (0.2) NO 
Presence of 
lettuces 99.5 (0.5) ND 
NO = not detected 
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Table 3.20: study of the volume of solvent required to 
elute ETU from aluminium oxide column 
ETU (2.0 ~g/2 ml) in methanol was run onto an aluminium oxide 
column eluted with methanol, ethanol, n-propanol, dichloro-
methane or chloroform. The eluent was evaporated to dryness, 
redissolved in water (2.0 ml) and analysed by the direct HPLC 
method of analysis on ODS-Hypersil column, eluent, water (100%), 
and UV detection at 233 nm. 
Total average ETU % eluted from dUplicate samples 
with water (ml) (± range) 
20 30 40 50 60 100 
Solvent 
methanol 70(5) 95 (3) 99 ( 2) - - -
ethanol 60 (6) 80(4) 95 ( 3) 97 (2) 99 (2) -
n-propanol 10 (3) 23 (4) 37 (7) 50 (5 ) 90 (4) 99 (5) 
dichloromethane 3 (2) 7 (2) 20 ( 4) 35 ( 3) 55 ( 3) 65 ( 3) 
chloroform 7(2.5) 20 (3) 30 (5) 45 (3) 65 ( 4) 75 (4) 
i 
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Table 3.21: Recovery of ETU from aqueous solutions of 
ETU, following extraction and analysis 
Comparison of the recoveries of ETU from aqueous solutions 
in the absence of plant materials by the use of the direct 
method and the p-nitrophenyl derivatisation method of 
analysis on HPLC. 
% ETU recovery of 
mean of triplicate extractions 
Concentration of spike 
level of ETU J.1g/ml 0.01 . 0.1 1.0 
Analytical method 
Direct Method 
(:!: range) 98.8 (0.4) 99. 4 (0.5) 99.8 (0.2) 
Derivatisation 
Method (:!: range) 99.8 (0.2) 99.9 (0.3) 99.8 (0.2) 
No ETU was detected in blank samples. 
---. -- ---------------------------------------
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Table 3.22: Recovery of ETU from lettuces spiked with ETU 
Comparison of the recoveries of ETU from coarsely chopped 
lettuces, "spiked" with ETU (0.1 or 1.0 ~g/g), and analysis 
on HPLC by the direct and the p-nitrophenyl derivatisation 
method. 
% ETU recovery of 
mean of triplicate extractions 
Concentration of spike 
level of ETU (~g/g) 0.1 1.0 
Analytical method 
Direct Method 
88 (4) 93 ( 3 ) 
(::!:. range) 
Derivatisation 
93 (5 ) 95 (2) 
Method (::!:. range) 
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Table 3.23: Comparison of extraction of ETU from ribs or 
leafy parts of the lettuce leaves following 
uptake from soil treated with ETU 
Concentration of ETU in lettuces which were harvested (from 
pots) on the sixth day after the application of ETU (10.0 mg) 
onto the soil. ETU was extracted by the established proce-
dure and analysed by the direct HPLC method and by the p-
nitrophenyl derivatisation method of analysis. 
Concentration of ETU ()Jg/g) in lettuce parts 
Part of leaves 
Lettuce sample I Lettuce sample II 
Analytical method Leafy Ribs Leafy Ribs 
Direct method 7.13,6.96 1.04,1.08 3.15,2.94 0.65,0.55 
mean 7.04 1. 06 3.05 0.60 
(:l:: range) (O.O~ ) (0.02) (0.01) (0.05) 
Ratio: leaf/ribs 6.6 5.1 
Derivatisation 7.18,7.08 1.10,0.98 3.10,3.08 0.60,0.66 
method 
mean 7.13 1. 04 3.09 0.63 
(:l:: range) (0.05) (0.06) (0.01) (0.03) 
Ratio: leaf/ribs 6.8 4.9 
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Table 3.24: Comparison of recovery of ETU from different sides 
of the leaves of the lettuces following uptake 
from soil treated with ETU 
Concentration of ETU (~g/g) washed from different sides of the 
whole leaves of the lettuces, which were harvested (from pots) 
on the sixth day after the application of ETU (10.0 mg) onto 
soil. ETU after extraction by methanol wash was analysed on 
HPLC by the direct method of analysis or by the p-nitrophenyl 
derivatisation method of analysis. 
ETU (119/9) 
Mean of triplicates 
Analytical method Innerside Outerside 
(underside) 
Direct (.!. range) 0.058 (0.02) 0.24 (0.03) 
Derivative (.!. range) O.Oik (0.02) 0.34 (0.04) 
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Table 3.25: Extraction of ETU from aqueous suspensions 
of maneb 
Comparison of levels of ETU found in maneb, 0.0102 g in the 
absence and presence of coarsely chopped lettuc leaves (40.0 g). 
ETU was analysed by HPLC using direct and p-nitrophenyl 
derivatisation method. ETU from maneb was extracted 
using the following methods: 
(a) Methanolic extraction in the absence of lettuce leaves. 
Extracted samples evaporated to dryness and redissolved 
before analysis. 
(b) Developed extraction procedure in the absence of lettuce leaves. 
(c) Developed extraction procedure in the presence of lettuce leaves. 
% average ETU in maneb from duplicate samples 
after extraction using 
(a) (b) (c) 
Analytical method methanolic developed extraction procedure extraction 
Direct (± range) 0.056 (0.002) 0.052 (0.004) 0.054 (0.003) 
Derivatisation 
(± range) 0.055 (0.00) ) 0.054 (0.003) 0.055 (0.004) 
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Table 3.26: Effect of heating the maneb before analysis using 
standard p-nitrophenyl derivatisation method 
(a) The suspensions of maneb (0.0102 g) in ethanol were filtered 
at room temperature. The filtrate, containing the ETU was 
derivatised with p-nitrophenacyl bromide for 2 hours. 
(b) Maneb (0.0102 g) was derivatised either for 1 hour or for 
5 hours with p-nitrophenacyl bromide. 
ETU as the derivative was analysed by HPLC on a PLRP-S column, 
eluent, acetonitrile:aqueous ammonia/ammonium chloride (1.5%) 
(50:50) pH 9.0, and UV detection at 263 nm. 
Treatment of maneb 
(a) filtered and (b) maneb (not filtered) 
filtrate refluxed refluexed 
2 hours 1 hour 5 hours 
% average ETU 
from duplicate 
samples 0.058 (0.02) 0.09 (0.04) 0.20 (0.06) 
(2: range) 
Relative % ETU 
compared to 100 153 342 
room temperature 
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Table 3.27: Study of determination of ETU in lettuce leaves 
following uptake from different soils, which had 
been treated with ETU 
Concentration of ETU (~g/g) found in the leaves of pairs of 
lettuces, harvested on the sixth day after the application of 
a single dose of ETU (10.0 mg) into pots containing sandy soil, 
normal soil or peaty soil. ETU was analysed on HPLC by the 
direct method of analysis or by the p-nitrophenyl derivatisation 
method of analysis. 
ETU (~g/g)/Duplicate determinations 
Soil type Sandy soil Normal soil Normal soil Peaty soil 
Lettuce type Webb's Salina Webb's Webb's 
Wonderful Wonderful Wonderful 
Analytical method 
Direct HPLC 0.13 0.14 0.62 0.66 0.62 0.57 0.67 0.66 
0.14 0.15 0.70 0.71 0.55 0.56 0.62 0.57 
Mean (S.D. ) 0.14 (0.01 0.67 (0.04) 0.57 (0.03) 0.64 (0.04) 
. 
Derivatisation 0.13 0.14 0.65 0.67 0.60 0.52 0.71 0.68 
0.14 0.15 0.69 0.68 0.44 0.48 0.67 0.70 
Mean (S.D.) 0.14 (0.01 0.67 (0.01) 0.51 (0.06) 0.69 (0.01) 
S.D. = standard deviation 
Table 3.28: Concentration of ETU in untreated crops 
Untreated crops, extracted and extracts analysed by the direct HPLC method of analysis or by 
p-nitrophenyl derivatisation method. 
Recovery of ETU (Ilg!g) ; Mean of triplicate applications 
Lettuce Cucumber Tomatoes Spinach Tinned 
Salina Webb Celery Blackcurrants 
Wonderful (in syrup) 
Analytical method 
on blanks 
Direct ND ND ND ND 0.002* 0.001* 0.002* 
to to to 
0.004* 0.005* 0.004* 
p-nitrophenyl 
derivatisation ND ND ND ND ND ND ND 
* Signal corresponding to the retention time of the ETU. 
(i) 
(i i) 
Table 3.29: Recovery (~g/g or %) of ETU from different crops, spiked with ETU (0.1 to 0.01 ~g/g) 
Concentrations (~g/g) 
(0.01 to 0.1 ~g/g). 
or percentage recovery of ETU extracted from crops spiked with ETU solution 
Samples were analysed on HPLC by.the.direct method of analysis or by 
p-nitrophenyl derivatisation method of analysis. 
Recovery of ETU (~g/g) Mean of triplicate applications (S.D. ) 
Lettuce Cucumber Tomatoes Spinach Tinned 
Sa.l~na Webb s - Celery Blackcurrants 
Wonderful (in syrup) 
Analytical method on 
ETU spiked at 0.1 ~g/g 0.OS8 0.OS8 0.092 0.OS7 0.080 0. 078 O.O~ 
Direct (5.0. ) (0.004) (0.004) (0.003) (0.007) (0.004) (0.006) (O.OOS) 
p-nitrophenyl 0.09] 0.OS2 0.077 0. 076 0.OS5 0.OS4 0.091 derivatisation 
( S. D.) (0.005) (0.003) (0.005) (0.005) (0.004) (0.005) (0.005) 
E'rU spiked at 
0.01 to 0.05 ~g/g 0.01 0.01 0.01 0.01 0.05 0.02 0.05. 
% Recovery by 
Direct 6S.3 74.0 70.6 67.0 63.0 69.0 SO.O 
(5.0. ) (5.0) (7. 7) (13.0) (9.1) (9.0) (4.1) (4.0) 
p-nitrophenyl 73.0 79.0 63.7 61. 0 79.7 73.0 S7.0 derivatisation 
(5.0.) (4.5) (3.7) (4.7) (11. S) (3.1) (2.0) (6.3) 
I 
5.0. = Standard Deviation 
Data for Salina lettuces taken from Table 3.21. 
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Table 3.30: Limit of detection of ETU from different crops 
Limits of detection of ETU (~g/g) from crops after spiking. 
Samples were analysed on HPLC by the direct method of analysis 
or by the p-nitrophenyl derivatisation method of analysis. 
Limit of detection (~g/g) 
Lettuces Cucumber Tomatoes Spinach Tinned Black-
celery currants 
Analytical (in 
method syrup) 
Direct 0.01 0.01 0.01 0.05 0.02 0.05 
Derivati- 0.005 0.01 0.01 0.02 0.01 0.02 sation 
-- -- ----
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Table 3.31: Collaborative study for the recovery of ETU from 
tinned celery and blackcurrants (in syrup) 
Tinned celery and blackcurrants (50.0 g each) were spiked with 
0.10 ~g/g of ETU. ETU was extracted by different laboratory's 
49 
method and analysed on GLC and by the present method (LUT) i.e." 
analysed on HPLC by the direct method and by the p-nitrophenyl 
derivatisation method. 
Concentration of ETU ( ~g/g) (range) in 
Laboratory Tinned celery Blackcurrants 
(in syrup) 
Five collaborative labs. 
O.OSl + 0.01 4 O.OSl + 0.00 3 (based on GLC method) - -
Loughborough University . 
of Technology (LUT): 
Direct method (HPLC) 0.07 S + 0.00 6 0.OS7 + 0.00 8 - -
Derivatisation method 0.OS4 + 0.00 5 0.09 1 + 0.00 5 (HPLC) -
---------------------------------------------------
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Table 3.32: Stability of ETU to the autoclave (120 o C/20 min) 
conditions 
ETU content of autoclave (120 oC/20 min) solutions initially 
containing 0.1., 10.0 , 50.0 ~g/ml (10 ml) of ETU. 
Analysed using direct HPLC method. 
Concentration of ETU (jJg Iml) 
Initial After autoclaving 
I II III I II III 
Water 0.1 . , 0.1 10.0 50.0 0.0 , 0.1 10.0 50.1 
10.0 50.0 9.9. 50.0 
General 0.1 , 0.1 10.0 50.0 0.0 / 0.1 10. O. 49.9 
purpose 
medium 10.0 50.0 10.0 . 50.1. 
(GP) 
Defined 0.1 , 0.1 10.0 50.0 0.1 , 0.1 10.1 50.9 
glucose 
medium 10.0 50.0. 10.0 50.1 
(G) 
Sabouraud 0.1 , 0.1 10.0 50.0 0.1 , 0.0 9.9 50.1 
medium 
(S) 10.0 50.0 10.1 49.9 
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Table 3.33: Minimum inhibitory concentrations of ETU against 
bacteria and fungi (relating to Fig. 3.51). 
Bacteria 30°C, fungi 25°C 
Organism MIC/% ETU 
-
to MIC/ETU( \lg/ml) 
Ps. aeruginosa 2. 4 2400 
B. megaterium 2.4 2400 
As. niger 1.5 1500 
P. chrysogenum 1.4 1400 
C. violac.2um 0.5 500 
Pr. vulgaris 0.4 400 
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Table 3.34: Determination of stability of ETU in defined glucose medium (unshaken) and Sabouraud 
medium (unshaken) in the presence of micro-orqanisms 
Analysis of ETU, of the growth solutions (10- 3 w/v) (l0 1.19/mll relating to Fiq. ),SI .• using direct 
IIPL(:" method on OOS-Hypersi 1 column. eluent. water (100\). and UV detection at 2)) nm. 
Concentration of ETU (\ \oI/v) in defined glucose 
medium (G) in the absence of organisms 
Initial 
a(l) 0.01 
1.00 
10.0 
100.0 
2500 
bO) 0.01 
0.10 
10.0 
100.0 
2500 
c(ll 0.01 
0.10 
10.0 
u. u, 
1.00 
10.0 
100.0 
2500 
0.01 
0.10 
10.0 
100.0 
2500 
0.01 
0.10 
10.0 
100.1 100.1 
2550 2500 
dO) 0.01 
0.10 
10.0 
100.0 
eO) 0.01 
0.10 
10.0 
0.01 
0.11 
10.0 
100.0 
0.01 
0.10 
10.2 
100.5 100.4 
fell 0.01 0.01 
0.100.10 
10.1 10.2 
100.0 100.0 
After "8 hrs 
O.uu, v.vu, 
1.02 
10.1 
100.1 
2503 
0.01 
0.098 
10.0 
100.0 
2503 
1.05 
10.2 
100.0 
2502 
0.009 
0.095 
10.0 
99.9 
2492 
0.018 0.009 
0.098 0.10 
10.1 10.2 
100.0 102.2 
2560 2492 
0.01 
0.12 
10-1 
100.1 
0.01 
0.11 
10.0 
0.009 
0.10 
10.2 
100.0 
0.01 
0.12 
10.1 
100.3 100.6 
0.01 0.009 
0.11 0.12 
9.9 10.2 
100.0 100.1 
After 
0.01 
0.98 
9.98 
100.0 
2500 
0.01 
0.10 
10.0 
100.0 
2482 
0.01 
0.11 
10.3 
7 days 
0.01 
0.92 
10.0 
99.9 
2492 
0.01 
O. la 
10.2 
101.0 
2490 
0.01 
0.10 
10. 1 
101.5 100.0 
2490 2495 
0.01 
0.10 
10.0 
99.9 
0.02 
0.12 
10.1 
0.009 
0.10 
10.0 
100.1 
0.01 
0.09 
10.2 
100.2 100.3 
0.005 0.01 
0.10 0.10 
10.1 LO.l 
100.0 100.1 
Ps. aeru91nosa a(2) 
P. chrysoqenum d(2) 
B. meqater1um b(2) 
C. vlolaceum e(2) 
• p~nitrophenyl derivatisation method 
Concentration of ETU (\ w/v) in defined glucose 
medium (G) in the presence of organisms 
Initial 
a(2) 0.01 -o.lfr 
. 0.009 0.008 
1.00 1.00 
10.0 10.0 
100.0 100.0 
2500 2500 
b(2) 0.01 
0.10 
10.0 
100.0 
2500 
0.01 
0.10 
10.2 
100.1 
2500 
c(2) 
d (2) 
e (2) 
0.01 
0.10 
10.0 
0.01 
0.10 
10.0 
100.0 100.0 
2500 2500 
0.01 
0.10 
10.0 
102.5 
0.01 
0.10 
10.0 
0.01 
0.10 
10.0 
102.7 
0.01 
O. la 
10.0 
100.0 100.0 
f(2) 0.01 0.01 
0.10 0.10 
10.01 10.0 
100.1 100.0 
As. niqer c(2' 
Pr. vulgaris f(2) 
After 48 hrs 
O.O~ 0.008 
0.012 
0.95 
9.7 
LOLl 
2490 
0.008 
1.10 
9.8 
100.1 
2498 
0.008 0.01 
0.095 
10.0 
99.9 
2505 
0.015 
0.094 
10.2 
0.098 
10.1 
99.5 
2495 
0.009 
0.11 
10.1 
100.1 99.9 
2492 2490 
0.02 
0.12 
10.1 
101.5 
0.01 
0.09 
10.0 
0.01 
0.11 
10.1 
103. 2 
0.02 
0.11 
9.98 
102.5 100.2 
0.01 0.02 
0.11 0.011 
9.98 9.9 
L01.5 101.2 
After 
0.01 
0.00 
1.0 
9.9 
99.9 
2500 
0.01 
0.11 
10.1 
100.1 
2500 
7 days 
0.01 
0.008 
0.98 
10.0 
100.0 
2510 
0.009 
0.102 
10.3 
99.8 
2502 
0.01 0.008 
0.097 0.11 
10.1 10.2 
99.9 
2490 
0.01 
0.11 
10.1 
103.2 
0.01 
0.10 
10.0 
100.2 
2492 
0.01 
0.10 
9.9 
102.5 
0.01 
0.12 
10.1 
103.5 99.9 
0.01 0.01 
0.10 0.10 
10.0 9.90 
100.1 100.1 
1)0 
Table 3.35: stability of ETU in different shaken culture mediums 
in the presence of Ps. aeruginosa 
Analysis of the growth solutions of ETU (50 or 100 ~g/ml) taken 
from cultures relating to Fig. 3.52 using the direct HPLC method 
on ODS-Hypersil column, eluent, water (100%) and UV detection at 
233 nm. Duplicate samples (a, b). 
concentration of ETU (~g/ml) 
Medium Initial 1 hour 24 hours 112 hours 7 days 
G a 100.0 99.9 100.1 99.9 100.2 
b 100.1 100.1 100.2 100.1 99.9 
G-glucose a 100.0 100.1 100.1 99.9 100.2 
b 99.8 99.9 99.8 99.7 99.8 
G-thymine a 50.0 50.1 50.1 50.1 50.0 
b 50.1 50.1 50.1 50.2 50.0 
G-casamino- a 50.0 50.0 50.1 50.2 49.9 
acids b 50.1 50.2 50.3 50.1 50.1 
G-thymine- a 50.0 50.0 49.9 49.9 50.1 
cas amino- b 50.0 50.1 50.2 50.1 50.0 
acids 
water a 50.0 50.0 50.1 49.9 50.1 
b 50.0 49.9 50.1 49.9 50.0 
,-----------------------------------------------------------------,---_.-- - " 
~3~ 
Table 3.36: The stability of ETU in different shaken culture 
mediums in the presence of B. meqateri pm 
Analysis of the growth solutions of ETU (50 or 100 ~g/ml) taken 
from cultures relating to Fig. 3.53, using the direct HPLC 
method. Duplicate samples (a, b). 
Concentration of ETU ( ~g/ml) 
Medium Initial 1 hour 24 hours 112 hours 7 days 
G a 100.0 100.1 99.9 100.0 99.9 
b 100.0 100.0 100.1 100.2 100.1 
G-glucose a 100.0 100.1 99.9 100.0 99.9 
b 100.0 100.1 100.2 100.0 100.0 
G-thymine a 50.1 50.1 50.1 49.9 50.1 
b 50.0 50.0 50.1 49.8 50.0 
G-casamino- a 50.0 50.0 50.1 49.9 50.1 
acids b 50.1 50.2 50.0 . 49.9 50.0 
G-thymine- a 50.0 50.1 50.2 50.1 50.0 
cas amino- b 50.0 50.1 49.9 49.9 50.1 
acids 
water a 50.0 50.1 50.2 50.0 49.9 
b 50.0 50.1 49.9 50.0 50.1 
l)2 
Table 3.37: The stability of ETU in different shaken culture 
medium in the presence of As. niger 
Analysis of the growth solutions of ETU, taken from cultures 
relating to Fig. 3.sli, using the direct HPLC method. 
cate samples (a, b). 
Dupli-
Concentration of ETU ( ]Jg/ml) 
Medium Initial 1 hour 24 hours 112 hours 7 days 
Sabouraud (S) a 100.0 100.0 99.9 100.l 100.1 
b 99.9 100.1 99.9 lOD .1 99.9 
G a 100.0 100.1 98.9 100.0 100.1 
b 100.0 100.1 100.1 99.9 100.0 
G-glucose a 100.0 100.1 100.0 99.9 100.1 
b 100.0 100.2 100.1 99.8 100.1 
G-thymine a 50.0 50.0 50.1 49.9 50.1 
b 50.1 50.1 50.2 50.0 50.1 
G-casamino- a 50.1 49.9 50.3 50.1 50.2 
acids b 50.2 50.3 50.1 50.1 50.1 
G-thymine- a 50.0 50.1 50.2 49.9 50.1 
cas amino- b 50.2 50.1 50.3 50.1 50.0 
acids 
water a 50.0 50.0 50.0 49.9 49.9 
b 50.0 50.1 50.1 50.0 50.2 
IJJ 
Table 3.38: The stability of ETU in different shaken culture 
medium in the presence of P. chrysogenllm 
Analysis of the growth solutions of ETU, taken from cultures 
relating to Fig. 3.55, using the direct HPLC method. 
Duplicate samples (a, b). 
concentration of ETU (llg/ml) 
Medium Initial 1 hour 24 hours 112 hours 
Sabouraud (S) a 100.0 100.1 99.9 100.1 
b 100.0 100.1 100.0 100.01 
G a 100.0 100.0 99.9 100.1 
b 100.1 100.2 100.3 100.1 
G-glucose a 100.0 100.0 99.98 100.0 
b 100.1 100.0 100.1 99.9 
G-thymine a 50.0 50.0 49.9 50.1 
b 50.0 50.1 50.2 50.0 
G-casamino- a 50.0 50.1 49.8 49.9 
acids b 50.0 50.0 50.1 49.9 
G-thymine- a 50.0 50.0 49.9 50.0 
cas amino- b 50.1 50.1 50.2 50.1 
acids 
water a 50.1 50.1 50.1 50.1 
b 50.0 50.0 49.8 50.1 
7 days 
100.1 
99.8 
100.0 
100.2 
100.0 
100.2 
50.0 
50.1 
50.1 
50.0 
49.9 
50.0 
50.0 
50.0 
Table 3.39: The stability of ETU in different shaken culture 
medium in the presence of C. violaceum. 
Analysis of the growth solutions of ETU, taken from cultures 
relating to Fig. 3.56, using the direct HPLC analysis. 
Duplicate samples (a, b). 
Concentration of ETU ( vg/ml) 
Medium Initial 1 hour 24 hours 112 hours 
G a 100.0 100.1 100.1 99.9 
b 100.0 99.9 100.0 100.1 
G-glucose a 100.0 99.9 100.1 100.1 
b 100.0 100.1 99.8 100.2 
G-thymine a 50.1 50.1 49.9 50.1 
b 50.0 50.0 49.8 50.1 
G-casamino- a 50.0 50.1 50.0 50.0 
acids b 50.0 50.0 50.0 50.1 
G-thymine- a 50.0 49.9 49.9 50.1 
cas amino- b 50.0 50.0 49.9 50.1 
acids 
water a 49.9 49.9 49.9 49.8 
b 50.0 49.9 50.1 50.1 
7 days 
100.0 
100.1 
100.0 
100.1 
50.0 
50.1 
49.9 
50.0 
50.0 
50.1 
49.9 
49.9 
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Table 3.40: The stability of ETU in different shaken cultures 
in the presence of Pr. vulgarjs 
Analysis of the growth solutions of ETU, taken from cultures 
relating to Fig. 3.57, using the direct HPLC method. 
Duplicate samples (a, b). 
concentration of ETU (l1g/ml ) 
Medium Initial 1 hour 24 hours 112 hours 
G a 100.0 100.1 100.1 99.9 
b 100.0 100.0 100.1 100.1 
G-glucose a 100.0 100.1 100.1 100.1 
b 100.1 100.1 100.0 100.0 
G-thymine a 50.1 50.1 49.9 50.0 
b 50.0 50.0 50.1 50.1 
G-casamino- a 50.2 50.2 50.1 50.2 
acids b 50.5 50.5 50.3 50.6 
G-thymine- a 50.1 50.2 50.1 50.1 
casamino- b 50.1 50.1 50.1 50.1 
acids 
water a 50.0 49.9 50.0 50.1 
b 50.0 49.9 50.1 50.1 
7 days 
100.1 
100.1 
100.1 
100.1 
50.0 
50.0 
50.2 
50.7 
49.9 
50.0 
50.0 
50.0 
Table 3.41: Stability of ETU (3 days) after incubation in 
shaken cultures based on defined glucose medium, 
G .minus thymine and casaminoacids plus 
ammonium nitrate 
Analysis by direct HPLC of cultures relating to Fig. 3.58. 
Initial ETU: 25 ~g/ml. Duplicate samples (a, b). 
Concentration of E'ru (~g/ml) 
ETU solution containing organisms Initial 3 days 
Ps. aeruS!inosa a 25.0 24.9 
b 25.0 25.0 
B. meS!aterium a 25.0 25. O. 
b 25.0 25.1 
As. niS!er a 25.0 25.0 
b 25.1 25.1 
P. chrys0S!enum a 25.0 24.9 
b 25.0 25.1 
C. violaceum a 25.1 25.1 
b 25.1 25.1 
Ps. vulS!aris a 25.0 25.0 
b 25.1 25.0 
No organism il 25.0 25.0 
b 25.0 25.0 
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Table 3.42: The effect on growth of organisms after resuspending 
in defined glucose free medium (unshaken) 
containing ETU 
OD (650 nm) of the organisms,* after resuspending from defined 
glucose medium (G) o (25 C) to glucose free medium (i.e. G minus 
glucose) containing ETU (20 ml; 20.00 ~g/g) which was added to 
make** an optical density of about 0.4. 
0.0. (650 nm) or organisms 
Time/ I Medium 1 2 3 4 5 6 
hours 
0 0.02 0.01 0.02 0.02 0.03 0.01 
24 0.62 0.51 0.52 0.42 0.42 0.43 
48 glucose free** 0.41 0.39 0.41 0.42 0.41 0.45 
60 glucose free 0.40 0.39 0.41 0.41 0.42 0.44 
72 glucose free 0.39 0.40 0.40 0.39 0.41 0.45 
84 glucose free 0.40 0.39 0.39 0.40 0.40 0.43 
96 glucose free 0.41 0.38 0.40 0.39 0.42 0.44 
* where 1: Ps. aeruginosa 4: P. chrysogenum 
2: B. megaterium 5 : C. violaceum 
3: As. niger 6: Pr. vulgaris 
** 0.0. adjusted to 
-
0.4 
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Table 3.43: Determination of stability of ETU after 
resuspending the organisms from defined glucose 
into defined glucose free medium (unshaken) 
Analysis of ETU (20.0 ~g/ml; 20 ml) from the growth solutions 
after resuspending into medium (G) minus glucose (relating to 
Table 3.42). ETU was analysed by the direct HPLC method on 
ODS-Hypersil column, eluent, water (100 ml) and UV detection 
at 233 nm. Duplicate samples (a, b). 
Concentration of ETU (Ilg/ml) 
Organisms Initial After 72 hours 
Ps. aeruginosa a 20.0 19.9 
b 20.0 20.1 
B. megaterium a 20.0 20.0 
b 20.0 20.0 
As. niger a 20.0 20.1 
b 20.1 20.0 
P. chrysogenum a 20.0 19.9 
b 20.1 20.1 
C. violaceum, a 20.0 20.0 
b 20.0 20.0 
Pr. vulgaris a 20.0 20.1 
b 20.0 20.0 
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Table 3.44: Effect of disrupted cells on ETU 
Determination of stability of ETU (20 ~g/ml; 20 ml) in 
water containing cell contents released from Ps. aeruginosa 
after using ultrasonic treatment. Incubation at 
temperature 30oC; analysis by the direct HPLC method. 
Duplicate samples (a, b). 
Total time/hours concentration of ETU 
after cell contents in ~g/ml 
contact with ETU 
a b 
0 20.0 20.0 
1 20.0 20.1 
4 19.9 20.0 
72 20.0 20.0 
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Table 3.45: The determination of the total volume of solvent 
required to wash ETU from columns of soils 
After adding 2 mg ETU (1000 ~g/ml, 2.0 ml in water) on soil in 
columns, percentages of ETU recovered after 24 hours by the successiv. 
5, 5 and 15 ml of water and after 48 hours with a further 15 ml of 
water. ETU was analysed by the direct method of analysis (HPLC). 
Eluent volume % ETU eluted from ~lanks Control 
(ml) soil type (a) ~oil + Sand + 
Time/ Extract Total Sand ETU (b) 
hours vol. vol. I II III IV V 
Un- 5 I 17.5 21.0 22.4 16.3 18.2 
heated I 
soil 5 I 27.8 31 •. 8 28.6 13.3 29.6 
I 
15 I 18.7 30.6 25.0 26.8 19.7 
I 64.0 24 I 25 83.4 76.0 56.4 67.5 ND 99.9+0.1 -
48 15 I 8.0 1.6 2.4 10.6 1.1 ND ND 
I 
48 I 40 72.0 85.0 78.4 66.8 68.6 ND ND 
I 
Pre- 5 I 22.8 26.3 25.8 29.1 23.5 
heated I 
soil 5 I 34.8 49.0 20.7 27.6 36.3 
at I 
1600 C 15 I 17.5 14.0 13.0 3.7 6.8 for 2 
hours 24 I 25 75.1 89.3 59.5 60.4 66.6 ND 99.9+0.1 
I -
48 15 I ND 3.2 1.2 1.6 3.3 ND ND 
I 
48 : 40 75.1 92.5 60.7 62.0 70.0 ND ND 
(a) Soil types (I-V) see Experimental p.S3 . 
(b) Eluted with 25 ml of water. 
ND Not detected 
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Table 3.46: Recovery of ETU from columns of non-sterile 
and sterile soil samples 
Percentages of ETU recovered from the columns of sterile and 
non-sterile soil after leaving 2 mg ETU (1000 ~g/ml; 2.0 ml 
in water) on soil. Columns were washed through with 50 ml 
of water after 24 hours and then with further 2 x 15 ml water 
after 48 hours. Duplicate samples i, ii. 
Time Eluent % ETU eluted from Blanks 
(hrs) volume soil type (a) Soil Soil + 
(ml) I II III IV V Sand 
Oupli- 24 (i) 50 76.8 84.6 82.3 72.4 66.7 ND ND 
cate 
un- (ii) 50 82.6 92.2 69.6 75.2 70.1 
heated 
soil mean 79.7 88.4 75.5 73.8 68.4 
48 (i) 15 0.01<0.01<0.01<0.01<0.01 NO ND 
(ii) 15 0.01<0.01 NO NO <0.01 
* 
Oupli- 24 (i) 50 56.6 54.7 34.9 78.2 39.8 ND ND 
cate 
pre- (ii) 50 50.2 49.3 31.5 76.2 36.2 ND ND 
heated 
soill mean 53.4 47.5 33.2 77.2 38.0 
l600C 
for 2 
hours 48 (i) 15 3.3 2.4 2.7 1.6 4.6 NO ND 
(ii) 15 3.1 1.8 1.7 2.4 2.9 
* 
(a) Soil types (I-V) see Experimental p.83 • 
(b) Eluted with 25 ml of water. 
NO Not detected 
* ETU in further 15 ml elution volumes in each case could 
not be detected. 
Control 
Sand + 
ETU (b) 
99.9 
99.8 
99.8 
NO 
99.8 
99.9 
I 
99.& 
I 
, 
ND 
, 
, 
ND 
I 
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Table 3.47: Stability of ETU in the presence of micro-
organisms isolated from soil (IV) 
ETU in duplicate (10.00 ~g/ml, 50 ml) in distilled water or 
defined glucose medium (G), with the presence and the absence 
of loop full of micro-organisms isolated from soil samples (IV) 
The solutions were incubated at 250 C and analysed at intervals 
for ETU by the direct HPLC method. 
ETU ( ~g/ml) 
Time/days Water Water + Defined G + 
organisms glucose organisms 
medium (G) 
0 10,0 , 10.0 10.00, 10.0 10.0 , 10.0 ' 10.0 , 10.0 
1 9.9 , 10.0 10.01, 10.0 10.0 , 10.0 10.0 , 10.0 
5 10.0 , 10.0 10.02, 10.0 10.1 , 10.0 10.0 , 9.9 
7 9.9 , 10.1 9.99, 10.0 10.0 , 10.0, 10.0 , 10.1 
Fig. 3.1 (i) 
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Typical HPLC chromatogram and their parameters 
~etention time, capacity factor, half peak width & 
efficiency values for ODS-Hypersil column (lDcm) 
ODS 
ETU: 
t 
o 
tr 
to 
k' 
w~ 
N 
(i) --.11.---
D 1 2 3 4 
Retention time + 
= 
= 
= 
= 
= 
- Hypersil column 
3.4 min 
1.16 min 
1. 93 
0.1 min 
5291 
· 
· 
· 
5 6 7 (min) 
li) chromatogram of ETU using an ODS-Hypersil 
column (plus a guard column between injector and 
the main column) (s~m), eluent, water, and 
UV detection at 233 nm. 
144 
n 
Fig."3.l lii&ilD ~ypical HPLC chromatogram and their parameters 
(H) 
retention time, capacity factor, half peak width~ 
efficiency values for different columns (ID cm) : 
I 
;;. 
o 1 2 
Silica column 
p-nitrophenyl 
derivative 
(XLVIII) : 
tr = 2.7 min 
to = 1.03 min 
k' = 1.6 
wl< = 0.1 min 
, 
N = 4038 
(Hi) 
PLRP-S column 
p-nitrophenyl 
derivative 
(XLVIII): 
w,> 
N 
= 3.8 min 
1. 20 
2.16 
= 0.18 
= 3124 
min 
min 
Ir---~--'----r---.---.--~ 
o 1 2 3 4 5 6 (min) 
Retention time .. 
3 4 5 (min) 
Retention time .. 
(ii) Chromatogram of p-nitrophenyl derivative 
(XLVIII) using a silica column (5 ~m), eluent, 
0.05% v/v perchloric acid in methanol and a 
UV detection at 263 nm. 
(iii) Chromatogram of p-nitrophenyl derivative 
(XLVIII) using a PLRP-S column and eluent, 
acetonitrile:ammonia/ammonium nitrate (1.5%), 
buffer pH 9.0 (50:50) and UV detection at 
263 nm. 
Fig. 3.2: Effect of solvent used to prepare solutions of ETU 
and their separation on an ODS-Hypersil, using 
water as eluent 
HPLC response, peak height, peak width at half height, for 10 ~l 
injections of samples of solutions of ETU (10 ~g/ml) prepared in 
different methanol:water mixtures separated on an ODS-Hypersil 
column(S ~m), eluent, water (100%) and UV detection at 233 nm . 
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Fig. 3.3: Calibration curves for the determination of ETU on an 
ODS-Hypersil column, using HPLC 
Calibration curves for solutions of ETU in water (0 to 100 ng; 
sample size 10 ~l) using the direct HPLC method of analysis, on 
an ODS-Hypersil column (plus a guard column) (5 ~m), eluent, 
water and UV detection at 233 nm. Range was from 0.01 to 
0.04 AUFS. 
(a) Concentration range 0- sng _0.6 
Ul o 
(b) Concentration range 
0-100 ng 
Ul 
Ii< 10 0 
.0: 
X 
§ 8 
.j..J 6 
.c: 
Ol 4 .... 
Q) 
.c: 
~ 2 
<tl <:> QJ 
~ 0 
0 20 40 
ETU (ng)" 
Ii< 00.5 
.0: 
~ § 0.4 
~O. 3 
.j..J 
.c: 
.~O. 2 
QJ 
.c: 
~O.l 
<tl 0 
(a) 
o 
QJ ,,( 
~O·~~·J---r---r--or __ ,-__ , 
0.0 1.0 2.0 3.0 4.0 5.0 
. ETU ( ng ) .. 
Correlation 
coefficient = 0.9998 
Standard deviation = 0.01 mm x AUFS 
Slope = 0.10 mm/ng 
Intercept = 0.0 mm x AUFS 
Limit of detection 
of = 0.2 ng ETU 
Gl 
60 80 100 
Fig. 3.4: HPLC chromatogram to determine limit of detection 
of ETU 
HPLC chromatogram of ETU (0.01 ~g/ml; 0.1 ng) using an ODS-
Hypersil column (plus a guard column) (5 ~m), eluent, water and 
UV detection at 233 nm. Limit of detection of ETU is 0.2 ng. 
AUFS = 0.01 Peak height = 2.8 mm 
ET .. U L 
• q. t. A,., .... . . ......... standard deviation ground noise level 
detector is 2 mm. 
of the back-
of the f 
o 1 2 3 4 5 (min) 
Time -+ 
---- -_. 
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Fig. 3.5: Calibration curves for a p-nitrophenyl derivative (XLVIII) 
on a silica column using HPLC 
Calibration curves for solutions of 3-(p-nitrophenyl)-5,6-dihydro-
imidazoC2,l-b]thiazole (XLVIII) (0-24 ng) prepared in eluent and 
analysed on a silica column (5 ~m), eluent, 0.05% perchloric acid 
in methanol and UV detection at 263 nm. Range was from 0.005 to 
0.32 AUFS. 
(a): concentration range 
(0-0.25 ng) 
o 
O.O~~-.--.---r---r---r 
0.00 OpO .10 .15 .20 .25 
LOD = 0.05 ng 
(b): concentration range 
(0-24 ng) 
ETU (ng) -r 
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o 
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Fig. 3.6: HPLC chromatogram to determine limit of detection 
of ETU 
HPLC chromatogram of p-nitrophenyl derivative (= 0.05 ng of ETU) 
using a silica column (5 ~rn), eluent, 0.05% v/v perchloric acid 
in methanol and UV detection at 263 nm. Limit of detection 
of ETU as the p-nitrophenyl derivative (XLVIII) is 0.05 ng. 
AUFS = 0.005 
p-nitrophenyl 
derivative (XLVIII) 
... 
-... '1."'II, •• A. it •• ,,.,' 't W Peak height ~ 5.0 mm. 
Standard deviation of the back-
ground noise level of the 
o 1 2 3 4 5 (min) detector is 2.5 mm 
Time ... 
(J) 
r... 
::> 
.0: 
x 
§ 
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Fig. 3.7: Calibration curves of the imidazothiazole derivatives 
(XLVIII-L) on a PLRP-S column, using HPLC 
Calibration curves of the aqueous solutions of derivatives (XLVIII 
to L) on HPLC using a PLRP-S column (5 ~m), eluent, acetonitrile: 
aqueous ammonia/ammonium nitrate (1.5%) buffer at pH 9.0 (80:20) 
and a UV detection at wavelength maximum (263, 264 or 267 nm). 
Range was from 0.005 to 0.08 AUFS. 
(263 nm) 
XLVIII (slope = 0.059 mm/ng) 
12.0 o 
11. 0 
10.0 
9.0 (264 nm) L (slope = 0.039 mm/ng) 
8. 0 + 
7.0 
6.0 o 
5.0 
tJ> 4.0 
(XLIX) (slope = 0.36 mm/ng) 
(267 nm) 
• .-j 
Q) 
.<: 
..': 
III 
Q) 
Po. 
3.0 
2.0 
1.0 
0.0 
o p-nitrophenyl derivative (XLVIII) 
+ naphthyl derivative (L) 
~ p-phenylphenylene derivative (XLIX) 
0.0 20 40 60 80 100 120 140 160 180 200 
Mass of derivative injected (ng) 
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Fig. 3.8: HPLC chromatograms to determine limit of detection of ETU 
using imidazoleC2,1-bJthiazoles 
(i ) 
(ii) 
o 
HPLC chromatograms of solutions of p-phenyl~phenylene 
( XLIX) (0.18 ng of ETU injected ) and of naphthyl 
derivative (L) (0.2 ng of ETU injected) in eluents. 
Solutions were analysed on a PLRP-S column (5um), 
eluent, acetonitrile: aqueous ammonia/ ammonium 
nitrate (1.5 I.), buffer pH 9.0 (80: 20) and UV 
detection at 263nm. 
1 2 3 4 5 6 7 8 (min) 
(0.18 ng of ETU as the 
aqueous solution of 
p-phenylphenylene 
derivative (XLIX». 
AUFS = 0.01 Time -+ 
o 1 2 3 4 
AUFS = 0.01 Time -+ 
5 6 7 8 (min) 
(0.2 ng of ETU as the 
aqueous solution of 
naphthyl derivative 
(L) ). 
Fig. 3.9: HPLC chromato rams to determine limit of detection 
of ETU using p-nitro_phenyl derivative XLVIII 
HPLC chromatograms of the ref1uxed solutions of p-nitrophenacy1 
bromide in ethanol in the absence & pr.esence of E;TU" using PLRP-S I 
columns (5 ~m), eluent acetonitri1e:aqueous ammonia/ammonium nitra~e 
(1.5%), buffer pH 9 (80:20) and a UV detection at 263 nm.' 
(i) 
(ii ) 
r 
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(0.04 ng of ETU as the 
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Fig. 3.10: Calibration curve for the determination of ETU as the 
p-nitrophenyl derivative (XLVIII) on PLRP-S column, 
using HPLC 
Calibration curve (based on Table 3.16a)and limit of detection of 
solutions of ETU, which were derivatised to give p-nitrophenyl 
derivative (XLVIII). This derivative was analysed on a PLRP-S 
column (5 ~m), eluent, acetonitrile:aqueous ammonia/ammonium 
nitrate (1.5%), buffer pH 9.0 (80:20), UV detection at 263 nm. 
Range was 0.01 AUFS. 
Correlation 
coefficient = 0.9989 
2.0 Standard deviation = 0.012 mm x AUFS (;) 
1.8 Slope = 
1. 38 mm/ng 
Intercept = 0.00 mm x AUFS 
1. Limit of detection 
(LOO) of ETU = 0.04 ng 
1.4 
1. 
1.0 
0.8 
(;) 
0.6 
o. 
O.O~~----~-----'------~----~------r-~--'---~~ 
t 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.3 
LOO = 0.04 ng 
Mass of ETU (ng) 
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Fig. 3.11: Calibration curve for the determination of ETU as the 
p-nitrophenyl derivative (XLVIIL) on a PLRP-S column, 
using HPLC 
Calibration curve (based on Table 3.16(b)} and limit of detection 
of solutions of ETU, which were derivatised to give p-nitrophenyl 
derivative (XLVIII). This derivative was analysed on a PLRP-S 
column (5 ~m), eluent, acetonitrile:aqueous ammonia/ammonium nitrate 
(l.s%), buffer pH 9.0 (sO:sO) and UV detection at 263 nm. 
Range was 0.005 to 0.01 AUFS. 
Correlation 
coefficient = 0.9997 
Standard 
deviation = 0.01 mm x AUFS 
Slope = 0.61 mm/ng 
0.8 Intercept = 0.01 mrnx AUFS o 
Limit of detection 
of ETU = 0.078 ng 
U) 
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~ 
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Fig. 3.12: HPLC chromatogram of p-nitrophenacylbromide to 
AUFS = 0.005 
o 1 
determine interferences 
2 
reten-
tion time 
of the p-
nitro-phenyl 
derivative 
(XLVIII) 
3 4 5 6 7 
HPLC chromatogram of the refluxed 
lie p-ni trophemcy1 bromide in ethano" 
in the absence of ETU, using 
PLRP-S column (5 ~m), eluent, 
acetonitrile:aqueous ammonia/ 
ammonium nitrate (1.5%), buffer 
pH 9.0 (50:50) and a UV detection' 
at 263 nm. 
reagent 
The standard deviation of the 
background noise level of the 
detector = 4.25 mm • 
8 9 10 (min) 
Fig. 3.13: HPLC chromatogram to determine limit of detection of 
ETU using p-nitrophenyl'derivative 
o 1 2 
derivative 
(XLVIII) 
peak 
3 4 5 6 
HPLC chromatogram and limit of 
detection of solutions of ETU 
(0.0078 ~g/ml; 1 ml), which was 
derivatised to give p-nitrophenyl 
derivative (XLVIII). This deri-
vative (= 0.078 ng of ETU) was 
analysed on a PLRP-S column (5 ~m), 
eluent, acetonitrile:aqueous 
ammonia/ammonium nitrate (1.5%), 
buffer pH 9.0 (50:50) and UV 
detection at 263 nm. Range was 
0.005 AUFS. 
reagent 
Limit of detection = 0.078 ng 
of ETU 
7 8 9 10 (min) 
Fig. 3.14: 
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Emission fluorescent spectrum of solutions of 
naphthyl derivative (1.0 Ilg/ml) (L:) in 
ethanol and naphthacyl bromide (5 Ilg/ml)lnmethanol) 
derivative (L . ) I 
reagent 
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40 
30 
20 
10 
Emission I 
40 
30 
20 
Ul 
o 
excited at 
263 nm o 
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Wavelength .... 
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Fig. 3.15: Comparison of recovery of ETU with various solvents, 
from spiked coarsely chopped lettuces 
Comparison of the % recoveries of ETU using different solvents 
on coarsely chopped lettuce leaves (40.0 g), which were spiked 
with ETU (1.0 ~g/g). The recovery was determined by the direct 
HPLC method of analysis by comparison with the standard ETU 
solutions (expressed as mean and range of duplicates). 
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Fig. 3.16: Effect of treatment of lettuce samples on recovery 
of ETU with methanol 
Comparison of the % recoveries of ETU following different 
methods of treatment from lettuce leaves (40.0 g), which had 
been spiked with ETU (1.0 ~g/g). The recovery was determined 
by the direct HPLC method by comparison of the analytical 
sample with a standard ETU solution. 
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Fig. 3.17: Relative extraction of ETU with different solvents from lettuces, which have taken 
up ETU from soil. Lettuces were treated differently before extraction by various 
solvents 
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Comparison of ETU (~g/g) extracted by different 
methods of treatment and by use of different 
extracting solvents from lettuce leaves harvested on 
the sixth day, after a single application of ETU 
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mined by the direct method of analysis on HPLC. 
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Figs. 3.18 & 3.19: HPLC chromatograms of lettuces: direct method 
AUFS = 0.01 
o 1 
HPLC chromatograms by direct method of analysis, on 
lettuce-leaves (40 g) after extraction and analysis 
on ODS-Hypersil column (plus a guard column) (5 ~m), 
eluent, water and UV detection at 233 nm. 
ETU 
1 
ETU 
1 
,-
2 3 4 
Fig. 3.18: Untreated lettuce 
leaves (40 g) . 
Fig. 3.19: Lettuce-leaves (40 g) 
spiked with ETU at 
0.01 ~g/g • 
5 (min) 
AUFS = 0.01 
Retention time .. 
Fig. 3.20: Study of the stability of ETU in different extracts 
'of lettuce leaves and effect of daylight on ETU 
The concentration of ETU (1.0 ~g/ml), with time, in the extracts 
from whole, coarsely chopped or macerated leaves of the lettuces, 
which were washed with chloroform, water, methanol or ethanol. 
The ETU samples stored in the daylight analysed (10 ~l) by the 
direct method of analysis on HPLC. 
N.B. Results in dark were identical (within experimental error) 
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Fig. 3.21: Determination of ETU after spraying (12.0 ~g) on 
the lettuce leaves 
Concentration of ETU (~g/g) monitored with time on surface of 
lettuces, which had been sprayed with ETU (12.0 ~g per lettuce 
head: 0.07 ± 0.01 ~g/g). ETU in the samples was determined 
by the direct method of analysis on HPLC. 
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Fig.' 3.22: Determination of ETU (250 )Jg) after spraying on 
, '1ettuceleaves 
concentration of ETU ()Jg/g) monitored with time on surface of 
lettuces, which had been sprayed with ETU (250 )Jg per lettuce 
head1 1.27 ~ 0.06 )Jg/g). ETU in the samples was determined 
by the direct method of analysis on HPLC. 
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Fig. 3.23: study of determination of ETU in lettuce leaves 
following uptake from soil treated with ETU 
Concentration of ETU (~g/g) monitored with time (days) in 
lettuces grown in soil pots, which had been treated with ETU 
(10.0 mg) • ETU in the samples was determined by the direct 
method of analysis on HPLC. 
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Fig. 3.24: Study of determination of ETU in lettuce leaves 
following uptake from soil treated with constant 
level of ETU 
Concentration of ETU (~g/g) monitored with time (days) in lettuces 
grown in soil pots, which had been treated with ETU. ETU in the 
samples was determined by the direct method of analysis on HPLC. 
(I) Daily application of ETU (2.0 mg) to soil for 16 days. 
(II) Daily application of ETU (2.0 mg) for 5 days 0 , and no 
application until on 16th to the 20th day • 
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Fig. 3.25: Study of determination of ETU on lettuce leaves 
following spraying with mancozeb or maneb 
Concentration of ETU (Vg/g) monitored with time (days), on 
lettuces (grown in soil pots), which had been sprayed with (I) 
mancozeb (0.60 g in 30 ml water; 600 Vg of ETU.) (11) maneb 
(0.6 g/30 ml of water; 348 Vg of ETUO>. ETU in the samples 
was determined by the direct method of analysis on HPLC. 
For comparison p-nitrophenyl derivatisation method 
(El) was applied on third and sixth day. 
The mancozeb study was carried out using 
".~ 
single lettuces, butt duplicate assays. 
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Fig. 3.26: Study of determination of ETU on lettuce leaves 
following spraying with zineb 
Concentration of ETU (~g/g) monitored with time (days) on 
lettuces, (grown in soil pots) which had been sprayed with 
zineb (1.50 g in 30 ml of water containing 2820 ~g of ETU). 
ETU in the samples was determined by the direct method of 
analysis on HPLC. 
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Fig. 3.27: study of determination of ETU in lettuce leaves 
following uptake after an application of zineb 
to soil in pots 
Concentration of ETU (Vg/g) with time (days) on lettuces, which 
had taken up ETU following single application of zineb (2.50 g 
in 50 ml water containing initially 4700 Vg of ETU) to the soil. 
ETU from samples was determined by the direct method of analysis 
on HPLC. For comparison p-nitrophenyl derivatisation method(8) 
was applied on first and the ninth day. 
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Fig. 3.28: Study of determination of ETU in lettuce leaves 
following uptake after an application of maneb 
to soil in pots 
concentration of ETU (~g/g) monitored with time (days) in 
lettuces, which had taken up ETU following single application 
of maneb (1.00 g in 50 ml/water containing initially 580 ~g 
of ETU) to the soil. ETU in the samples was determined by the 
direct method of analysis on HPLC. For comparison p-nitrophenyl 
derivatisation ( points ) method was applied on the 
first and the ninth day. 
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Figs. 3.29 & 3.30: HPLC chromatogram of cucumbers: direct method 
AUFS = 0.01 
ETU 
1 
AUFS = 0.01 
o 1 2 3 4 5 
Retention time + 
6 
HPLC chromatograms by the direct 
method of analysis on coarsely 
chopped cucumbers (40 g), after 
extraction and analysis on an ODS-
Hypersil column (plus a guard 
column) (5 I1m), eluent, water and 
UV detection at 233 nm. 
7 
Fig. 3.29: 
coarsely 
(40 g). 
Untreated 
I 
chopped cucumber!' 
Fig. 3.30: Coarsely 
chopped cucumbers (40 g) 
spiked with ETU at 
0.01 I1g/g. 
8 (min) 
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Fi s. 3.31 & 3.32: ~H~P~C~~~~~~r~a~m~s~o~f-=t~o~m~a~t~o~e~s~:~~d~~~'r~e~c~t~m~e~t~h~o~d 
ETU 
1 
ETU 
1 
AUFS=O.Ol 
o 1 2 3 4 5 6 
AUFS = 0.01 
Retention time + 
HPLC chromatograms by direct method 
of analysis on coarsely chopped 
tomatoes (40 g), after extraction and 
analysis on an ODS-Hypersil column 
(plus a guard column) (5 \lm), eluent, 
water and UV detection at 233 nm. 
7 8 9 
Fig. 3.31: Untreated 
coarsely chopped 
tomatoes (40 g). 
Coarsely 
chopped tomatoes (40 g) 
spiked with ETU at 
O.Oll1g/g. 
10 (min) 
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Figs. 3.33 & 3.34: HPLC chromatograms of spinach: direct method 
ETU 
1 
AUFS = 0.01 
ETU 
-1 
o 1 2 3 4 5 
AUFS = 0.01 
Retention time + 
HPLC chromatograms by the direct 
method of analysis on coarsely 
chopped leaves of spinach (40 g), on 
an ODS-Hypersil column (plus a 
guard column) (5 I1m), eluent, water 
and UV detection at 233 nm. 
6 
Fig 3.33: Untreated coarsely 
chopped spinach leaves (40 g). 
Fig. 3.34: Coarsely chopped 
spinach leaves (40 g) spiked 
with ETU at 0.05 I1g/g. 
7 (min) 
~------------
=-=~~..::'.!:..::.:t-:&~=-3.!..=-3.::!.6: HPLC chroma tograms of celery: direct meth'od 
AUFS = 0.01 
o 1 2 3 
AUFS = 0.01 
ETU 
1 
4 
Retention time + 
5 (min) 
HPLC chromatograms by the direct 
method of analysis, on tinned celery 
(40 g), after extraction and analysis 
on an ODS-Hypersil column (plus a 
guard column) (5 ~m), eluent, water 
and UV detection at 233 nm. 
Fig. 3.35: Untreated tinned 
celery (40 g). 
Fig. 3.36: Tinned celery (40 g) 
spiked with ETU at 
0.02 ~g/g. 
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Figs. 3.37 & 3.38: HPLC chromatograms of blackcurrant: direct methoc 
ETU 
1 
AUFS = 0.01 
ETU 
1 
o 1 2 3 4 
AUFS = 0.01 
Retention time ... 
5 (min) 
HPLC chromatograms by the direct HPLC 
method of analysis, on blackcurrant 
in syrup (40 g), after extraction 
and analysis on an ODS-Hypersil columr. 
(plus a guard column) (5 )Jm), eluent, 
water and a UV detection at 233 nm. 
Fig. 3.37: Untreated blackcurrant 
in syrup (40 g). 
Fig. 3.38: Blackcurrant in syrup 
(40 g) spiked with ETU 
at 0.05 )Jg/g. 
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Figs. 3.39 & 3.40: HPLC chromatograms of lettuces: 
derivatisation method 
AUFS = 0.01 
o 1 2 
AUFS = 0.01 
excess 
reagent 
derivative 
(XLVIII) 
1 
derivative 
(XLVIII) 
1 
3 4 5 6 
Retention time ~ 
7 
HPLC chromatograms by the p-
nitrophenyl derivatisation 
method of analysis, on the 
coarsely chopped leaves of the 
lettuces (40 g), after extrac-
tion and analysis on a PLRP-S 
column (5 ~m), eluent, aceto-
nitrile:aqueous ammonia/ 
ammonium nitrate (1.5%), buffer 
pH 9.0 and UV detection at 
263 nm. 
Fig. 3.39: untreated coarsely 
chopped lettuce leaves (40 g). 
excess 
reagent 
Fig. 3.40: Coarsely chopped 
lettuce leaves (40 g) 
spiked with ETU at 0.005 ~g/g. 
8 (min) 
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Figs. 3.41 & 3.42: HPLC chromatograms of cucumbers: derivatisation 
method 
AUFS = 0.01 
o 1 
excess 
reagen 
derivative 
(XLVIII) 
1 
derivative 
(XLVIII) 
1 
2 I 3 4 5 
AUFS = 0.01 
Retention time ~ 
6 7 
HPLC chromatograms by the p-
nitrophenyl derivatisation 
method of analysis, on coarsely 
chopped cucumbers (40 g), after 
extraction and analysis on a 
PLRP-S column (5 ~m), eluent, 
acetonitrile:aqueous ammonia! 
ammonium nitrate (1.5%) 
(50:50) buffer pH 9.0 and 
UV detection at 263 nm. 
Fig. 3.41: untreated 
coarsely chopped 
cucumbers (40 g). 
excess 
reagent 
8 
Fig. 3.42: Coarsely chopped 
cucumbers spiked with ETU 
at O. 01 ~g!g. 
9 (min) 
c--------------------.-----.---------------. -
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Figs. 3.43 & 3.44: HPLC chromatograms of tomatoes: 
derivatisation method 
AUFS '" 0.01 
o 1 2 
AUFS = 0.01 
excess 
reagent 
derivative 
(XLVIII) 
1 
derivative 
(XLVIII) 
1 
3 4 5 6 7 
Retention time ~ 
HPLC chromatograms by the p-
nitrophenyl derivatisation 
method of analysis, on 
coarsely chopped tomatoes 
(40 g), extraction and 
analysis on a PLRP-S column 
(5 ~m), eluent, acetonitrile: 
aqueous ammonia/ammonium 
nitrate (1.5%), buffer pH 9.0 
(50:50) and UV detection at 
263 nm. 
Fig. 3.43: untreated 
coarsely chopped tomatoes 
(40 g). 
excess 
reagent 
8 
Fig. 3.44: Coarsely chopped 
tomatoes (40 g) spiked 
with ETU at 0.01 ~g/g. 
9 (min) 
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Figs. 3.45 & 3.46: HPLC chromatograms of spinach: 
derivatisation method 
AUFS = 0.02 
AUFS = 0.02 
o 1 2 
excess 
reagent 
derivative 
(XLVIII) 
1 
derivative 
(XLVIII) 
1 
3 4 
I 
5 6 
Retention time + 
7 
HPLC chromatograms by the p-
nitrophenyl derivatisation 
method of analysis, on coarsely 
chopped leaves of spinach (40 g) 
after extraction and analysis, 
on PLRP-S column (5 ~m), 
eluent, acetonitrile:aqueous 
ammonia/ammonium nitrate (1.5%), 
buffer pH 9.0 (50:50) and a UV 
detection at 263 nm. 
Fig. 3.45: Untreated coarsely 
chopped spinach leaves (40 g). 
excess 
reagent 
8 
Fig. 3.46: Coarsely chopped 
spinach leaves spiked with 
ETU at 0.02 ~g/g. 
9 (min) 
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Figs. 3.47 & 3.48: HPLC chromatograms of celery: 
derivatisation method 
HPLC chromatograms by the p-nitrophenyl derivatisation method of 
analysis, on celery in syrup (40 g) after extraction and analysis 
on PLRP-S column (5 )JUt), eluent, acetonitrile:aqueous ammonia/ 
ammonium nitrate (1.5%), buffer pH 9.0 (50:50) and UV detection 
at 263 nm. 
AUFS = 0.01 
o 1 2 
AUFS = 0.001 
derivative 
(XLVIII) 
1 
derivative (Xl'''' 
3 4 5 
Retention time ~ 
6 7 
excess 
reagent 
Fig. 3.47: Untreated (blank) 
celery in syrup (40 g). 
excess 
reagent 
Fig. 3.48: Celery in syrup 
(40 g) spiked with ETU at 
O.Ol)Jg/g. 
8 9 (min) 
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Figs. 3.49 & 3.50: HPLC chromatograms of blackcurrants 
derivatisation method 
AUFS = 0.02 
o 1 2 
AUFS = 0.02 
excess 
reagent 
derivative 
(XLVIII) 
3 
1 
excess 
reagent 
derivative 
(XLVIII) 
1 
4 5 6 
Retention time ~ 
7 
HPLC chromatograms py the p-
nitrophenyl derivatisation 
method of analysis, on black-
currant in syrup (40 g), after 
extractiors and analysis on a 
PLRP-S column (5 ~m), eluent, 
acetonitrile:aqueous ammonia/ 
ammonium nitrate (l.5%), 
buffer pH 9.0 (50:50) and UV 
detection at 263 nm. 
Fig. 3.49: untreated black-
currants in syrup (40 g). 
8 
Fig. 3.50: Blackcurrants in 
syrup spiked with ETU at 
0.02 I1g/g. 
9 (min) 
---------------------~- - -
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Fig. 3.S1: Effect of ETU on optical density of cultures after 
48 hours, incubated at 2S oC or 30°C 
The effect of ETU on the OD of the organisms in Sabouraud medium 
(5) and in defined glucose medium (G) incubated for 48 hours 
(unshaken cultures) at 2SoC for fungi and 30°C for bacteria. 
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Fig. 3.52: Effect of ETU on the growth of Ps. aerllginosa 
in various shaken cultures 
The effect on growth of Ps. aeruginosa at 30°c over 112 hours, in 
defined glucose medium (G) and in carbon and nitrogen depleted 
media in the presence and the absence of ETU (50 or 100 ppm) • 
• , medium G; 0 , medium G + ETU (100 ppm); • , medium G minus 
glucose; c:J, medium G-glucose + ETU (100 ppm); .. , medium G -
thymine + ETU (50 ppm); 6 , medium G - casaminoacids + ETU (50 
ppm); () , ETU (50 or 100 ppm) in water or nitrogen depleted 
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Fig. 3.53: Effect of ETU on the growth of B. megaterjllm at 
300 C in various shaken cultures 
The effect on growth of B. megaterium at 30oC, over 112 hours 
in defined glucose medium, G, and in carbon and nitrogen 
depleted medium in the presence and the absence of ETU • 
• , medium G; 0 , medium G + ETU (100 ppm); • , medium G -
glucose; G , medium G -glucose + ETU (100 ppm); A , medium G 
- thymine + ETU (50 ppm); 8 , medium G - casaminoacids + ETU 
(50 ppm); (), ETU (50 or 100 ppm) in water or nitrogen depleted 
medium + ETU (50 ppm) 
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Fig. 3.54: Effect of ETU on growth of As. niaer in various 
shaken cultures 
The effect on growth of As. niger at 250 C over 12 hours, in 
Sabouraud medium (S), or in defined glucose medium, G, and in 
carbon and nitrogen depleted medium in the presence and the 
absence of ETU • 
.. , medium (S); W , medium (S) + ETU (100 ppm); 0 , medium G; 
0, medium G + ETU (100 ppm); • , medium G - glucose; 
8, medium G - glucose + ETU (100 ppm); .. , medium G - thymine 
+ ETU (50 ppm); 6 , medium G - casaminoacids + ETU (50 ppm);() 
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Fig. 3.55: The study of the effect of ETU on the growth of 
p. chrysogenllm in various shaken cultures 
The effect on growth of P. chrysogenum at 250 C over 112 hours in 
8abouraud medium (8), or defined glucose medium (G) and in carbon 
and nitrogen depleted medium in the presence and the absence of ETU. 
... , medium (8); VI 
0, medium G + ETU 
, medium (8) + ETU (100 ppm); e , medium G; 
(100 ppm); • , medium G - glucose; 
m, medium G - glucose + ETU (100 ppm); A , medium G - thymine 
+ ETU (50 ppm); 8 , medium G - casaminoacids + ETU (50 ppm); 
(), ETU (SO or 100 ppm) in water or nitrogen depleted medium 
+ ETU (50 ppm). 
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Fig. 3.56: Effect of ETU on growth of C. violaceum in 
various shaken cultures 
The effect on growth of C. violaceum at 300 e over 112 hours in 
defined glucose medium, G, and in carbon and nitrogen depleted 
medium in the prsence and the absence of ETU • 
• , medium G; 0 , medium G + ETU (100 ppm); • , medium G 
- glucose; El , medium G - glucose + ETU (100 ppm); A , medium 
G - thymine + ETU (50 ppm); IJ::, , medium G - casaminoacids + ETU 
(50 ppm); (), ETU (50 or 100 ppm) in water or nitrogen depleted 
medium + ETU (50 ppm). 
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Fig. 3.57: The study of the effect of ETU on the growth of 
pr. vulgaris in various shaken cultures 
The effect on the growth of Pr. vulgaris at 300 e over 112 hours, 
in defined glucose medium, G, and in carbon and nitrogen depleted 
medium in the presence and the absence of ETU • 
• , medium G; 0 , medium G + ETU (100 ppm); £ , medium G 
- glucose; 8 , medium G - glucose + ETU (100 ppm); • , medium G 
- thymine + ETU (50 ppm); 8 , medium G - casaminoacids + ETU 
(50 ppm); () , ETU (50 or 100 ppm) in water or nitrogen depleted 
medium + ETU (50 ppm). 
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Fig. 3.58: The effect of ammonium nitrate on the growth of 
micro-organisms (in shaken cultures) 
Growth of organisms in the presence of and absence of ammonium 
nitrate (as N-source), including ETU (50.0 ~g/ml, in 10.0 ml water 
plus medium G, 8.8 ml) minus major nitrogen sources. The 
cultures were incubated at 250 e for fungi and 30 0 e for bacteria. 
Ammonium nitrate (0.2 ml, 1 M in water) was added either at 
zero time or after 24 and 48 hours. 
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C H APT E R 4 
Detection &' Deriva'tisation: 0'£ ETU 
4.0 Introduction 
Concern about the toxicological properties of ETU has led to 
the need to develop an improved HPLC analytical technique for its 
determination and to use it to investigate the degradation of ETU 
in the presence of crops, microorganisms, and soil. Existing 
analytical techniques for ETU have limitations; for example, 
TLC and ultraviolet spectroscopy have poor sensitivity and 
selectivity and with GLC derivatives, which are used to increase 
sensitivity for ETU are often thermally unstable, leading to 
poor quantitation and reproducibility. Similarly direct HPLC 
methods of analysis of ETU have limited sensitivity and poor 
selectivity, because ETU has a weakly absorbing chromophore 
(at 233 nm). It appeared that greater sensitivity and select-
ivity, using HPLC, could probably be achieved following derivatis-
ation of ETU to enhance detection. This HPLC method would avoid 
problems of thermal instability found in GLC and thus lead to 
better reproducibility. 
A range of reactions of ETU, with different reagents, was there-
fore studied to select a suitablederivatisation method. The 
selected derivative was then analysed on HPLC and the determinations 
of ETU on HPLC by the derivatisation and by the direct injection 
method of analysis were compared. The latter method, because of 
simplicity, was used as a reference method and to establish 
the extraction procedure of the chemical from crops. 
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Both methods of analysis (of ETU) were then applied to the study 
of the degradation of ETU at residue levels on lettuces 
(Chapters 5, 6) and other crops (Chapter 7). Photodegradation 
of ETU under the daylight was also studied. Because it had 
been proposed that micro-organisms are implicated in the break-
down of ETU, these analytical methods were also used to monitor 
the interaction of ETU with selected micro-organisms (Chapter 8) 
and with sterile and non-sterile soil samples (Chapter 8). 
4.1 Development of Standard Direct Method of Analysis of ETU on HPLC 
In order to be able to test the effectiveness of the derivati-
sation and the extraction techniques used in the present study, 
a commonly and easily used determination of ETU using HPLC was 
established. This was based on the method proposed by Van 
Damme,162 in which ETU was eluted from an ODS-Hypersil column 
with 0.05% THF in water, and detected at 233 nm. 
Initially the efficiency (N) of the packed ODS-Hypersil column 
was measured and this was found to be suitable for further 
work (Table III p. 63). However, in the present method, the 
trace of THF in the eluent was omitted as it was found to have 
no effect on retention, response or peak-shapes. In the 
present method 100% water as the eluent for the HPLC gave 
reasonable peak shapes, retention time (tR = 2.77 min, k' = 1.38, 
Table 3.1), reproducible responses for ETU in water and no sig-
nals for blank water samples. 
The effect of including a proportion of methanol in the eluent 
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was then investigated since this had been used previously in 
several studies. 157 ,175 As expected there was a rapid decrease 
in the retention time of ETU, with increased proportion of 
methanol in the eluent (Table 3.1). It was probably because 
f th ' 1 t 142,161 had d b t t' 1 t some 0 e prev~ous ana ys s use su s an ~a amoun 
( ~ 60%) of methanol in the eluent (water) on reverse-phase 
columns that they could not achieve reasonable retentions 
(stated as too short) for ETU. However, others157 ,175 who 
used only up to 10% of methanol in water in the eluent, rep or-
ted no such difficulties. 
For direct HPLC analysis of ETU, an eluent with 100% water 
is more suitable because retention times below 2.77 minutes 
are expected to suffer interferences from overlapping of the 
peaks due to the polar co-extractives of crop extracts. In 
order to prolong the life time of the main ODS-Hypersil column, 
a guard column (between the injector and the main column) was 
used. This also increased the retention time of the ETU 
(Fig. 3.1(i)) and thus made it a more suitable method for the 
analysis of ETU from crops. 
In HPLC, the solvent used for the sample (analyte) can affect 
the peak shapes, efficiency and responses. Thus ETU was dis-
solved in a range of mixtures of methanol and water with 
increasing proportion of the latter before injection and 
analysis. This resulted (Fig. 3.2) in the gradual decrease 
in peak width and an increase in the response (peak height) 
and efficiency, indicating 100% water to be most suitable as 
solvent for ETU. This was probably because, as the proportion 
of water in the solvent mixture (methanol + water) was increased, 
the ETU was diluted less by zone broadening effect of the eluent. 
The calibration of this direct HPLC method of analysis with the 
solutions of ETU in water, showed that there was a linear res-
ponse over a range of 0.2 to 100 ng of ETU (correlation coeffi-
cient 0.9998; Fig. 3.3). From the noise level of the chromato-
gram (Fig. 3.4), the limit of detection of ETU was calculated 
to be 0.2 ng. This value is better than most of the other 
liquid chromatographic techniques, which used UV detectors 
51 151 152 175 151 (2 ng;' 2. 3 ng and 20 ng ) or LCEC detectors (1 ng; 
16 orO.9 ng175 (p. 45». One reason for poor detection limit of 
ETU, which were obtained by previous HPLC methods 5l ,15l,152,175 
was because, the UV detectors had often been used previously to 
detect ETU either at~240 nm or at 254 nm (see p. 45) and at 
these wavelengths UV detectors give weaker signa~for ETU (on 
HPLC) due to weaker extinction coefficients than at 233 nm. 
41 142 150 155 160 163 In most of the other reports, , , , , , (see p. 45) 
for HPLCMabsolute value (mass units) for the limit of detection 
of ETU had not been reported and thus comparisons cannot be 
made. 
4.2 Derivatisation of ETU 
To increase the sensitivity, the derivatisation of ETU for HPLC 
can be carried out by the introduction of either an ultra-violet 
absorbing chromophore, with a longer wavelength maxima, and 
higher extinction coefficient, as fluorophore, or as an electrochem~ 
cally active group. As well as increasing the sensitivity for 
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the residue analysis of ETU, the detection of the derivative 
should be more specific and should reduce the interferences 
from any co-extractives of the crop extracts. 
ETU contains two potential reactive sites (sulphur and nitrogen), 
where reaction could take place. As reported earlier, 54-56 it 
can undergo tautomerism to give the structure, -N=C-SH; (le or 
Id) \ containing a thiol group, which is weakly acidic. This 
group of ETU can react with aryl halides 62- 65 ,67 or alkyl 
halides to give S-substituted derivatives (XXIX, XXXV).62,64,67,188 
However, these compounds still contain a basic amino (N-H) 
group and for liquid chromatography it may also be necessary to 
derivatise this group to reduce the interactions with the 
silanol groups on the column packing. This could again 
increase the strength of UV-chromophore, which would further 
increase the sensitivity. 
Direct derivatisation of the amino groups using reactions already 
reported 66 ,67,69 can also be considered as these groups have 
some basic reactivity. Particular attention was paid to the 
reactions of phenacyl halides, as these reagents were found to 
react in two step reactions with both the thiol (S-H) and the 
amino (N-H) groups of ETU to give bicyclic derivatives. 
(I) Amine reactions 
Typical reagents for the derivatisation of amines are benzoyl 
chloride,69,182 fluoro-2,4-dinitrobenzene,182 and dansyl 
chloride,IS3 which can all introduce a strong and selective 
chromophore into ETU. 
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However, when ETU was treated with the above reagents (p. 65 
Section 2.12), it appeared on examination by TLC that mixtures 
of the corresponding mono-substituted product (XL) and the di-
substituted products (XLI) were obtained. 
SH S 
A )\ 
R-N N-R 
LJ 
N N-R 
LJ 
(XL) (XLI) 
R is benzoyl, 2,4-dinitrophenyl or dansyl group 
The yields of the desired products were too low for the 
reactions to be used for quantitative analysis because much of 
the ETU, which was analysed by the direct HPLC analysis, was 
unreacted. The results are similar to those in the earlier 
reports in which low yields of mixtures of S-acetyl-2-imidazoline 
and N-acetyl-2-imidazolidinethione67 or disubstituted products 
(NN'-diacetyl-2-imidazolidinethione or NN'-dibenzoyl-2-imida-
zolidinethione)69 were obtained with the reactions of acetyl 
chloride (or benzoyl chloride) with ETU. 
67 69 . Despite the above reports, , ~t appears that the amino groups 
in ETU are only weakly basic, possibly because of the electron 
attracting property of the sulphur atom, and therefore no fur-
ther study was carried out. 
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(11) Thiol reactions 
. 62-65 67 Although benzyl bromLde 'had been reported to react with 
ETU, to give 2-(benzylthio)2-imidazoline (XXXV) in high yield, 
this derivative has only a weak UV chromophore and would not 
be expected to give increased sensitivity on HPLC. Addition-
ally these s-thiosubstituted derivatives are reported to be 
unstable in alkaline solutions or at high temperatures, which 
are often used in the process of their formation. 67 ,68 
The related compound, 2-hydroxy-5-nitrobenzyl bromide (Kosh-
land's reagent) seemed to be a possible alternative reagent, 
as it has been reported to react with the thiol groups of the 
t . 184 pro el.ns. The expected nitrophenol product (XLII) 
(XLII) 
(from ETU and 2-hydroxy-5-nitrobenzyl bromide) should be 
detectable either with a UV detector as it will have a strong 
and selective chromoPhore,184 or with an electrochemical detec-
tor either by the oxidation of the phenolic group189 or by the 
reduction of the nitro group.190 
However, on ref1uxing (conditions recommended in ref. 184) ETU 
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with Koshland's reagent no product could be isolated. It 
appeared that under these reaction conditions, the reagent 
was probably hydrolysed to 2-hydroxy-5-nitrobenzyl alcohol. 
This rapid hydrolysis has also been observed previously for 
the derivatisation reactions of the proteins containing thiol 
groups.19l 
An alternative alkylating reagent, 9-chloromethyl anthracene 
(9CMA), has been used for the derivatisation of carboxylic 
acids185 or methyl mercaptans,192 to give enhanced UV or fluo-
rescent detection in liquid chromatography. However, the 
reaction192 of 9CMA with ETU was shown to give a mixture of 
compounds on examination by TLC, and the desired product 
(XLIII) could not be isolated. 
S -CH A2 
N NH 
U 
(XLIII) 
The problem in preparing the above S-thiosubstituted deriva-
tives of ETU appeared to be due to their chemical instability. 
Under the mild alkaline conditions used in the work-up of the 
reaction, the" reagents appear to revert to the thiols or 
isothiocyanates (from characteristic odours). Similar clea-
vages have also been observed for 9-(phenylthio)methyl anthracene 
----_. --
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(XLIV), which gave benzyl mercaptan or 9-methylanthracene 
mercaptan. 192 
(XLIV) 
(III) Combined reactions of ETU and characterisation of 
2-(benzylthio)-2-imidazoline 
Although the reactions with the thiol group of ETU were unsuccess-
ful, 2-(benzylthio)-2-imidazoline (XXXV), which has been pre-
viously obtained in good yield63 - 65 ,67 was prepared (p. 65) and 
studied further. A series of experiments was therefore 
carried out to try to derivatise the remaining basic amino group 
(in XXXV) using benzoyl chloride,67,69,182 fluoro-2,4-dinitro-
benzene182 or dansyl;chloride183 to give corresponding products 
with enhanced response and to give reduced interactions with 
the silanol'groups of the packings used in HPLC. 
The 2-(benzylthio)-2-imidazoline (XXXV) (m.p. 68-70oC, Table 3.2) 
was formed in good yield. Its identity was confirmed by com-
parison of the melting point with the literature value of 68-
690 C65 and by spectroscopic analysis. The IR spectra contained 
absorption bands, which could be assigned to the aromatic ring 
(C-H) (3015 -1 -1 cm ), (N-H) group (3250 cm ), and nitrile (CsN) 
group (1610 cm-I) (Table 3.2). The IH-NMR (in deuterated 
200 
chloroform) spectrum contained signals corresponding to aromatic 
ring protons (5H, s., 7.37 ppm), benzylic protons (2H, s , 
4.26 ppm), amino protons, N-H (lH, s, 4.8 ppm) and alkenic 
protons of CH 2-CH 2 (4H, s , 3.6 ppm) (Table 3.2). These signals 
correspond to those in the closely related S-halogenated benzyl 
derivative (2-(m-trifluoromethylbenzylthio)-2-imidazoline 
(XXXIV» :148 i.e. aromatic, benzylic, and alkenic protons 
(lH-NMR in deuterated chloroform) were at 4H,S , 7.47 ppm; 
2H, S , 4.38 ppm; and 4H, m, 3.72 ppm and thus confirmed the 
assigned structure. 
However, when 2-(benzylthio)-2-imidazoline (XXXV) was treated 
(in cold or heated) with benzoyl chloride, fluoro-2,4-dinitro-
benzene, or dansyl chloride,69,182,183 no product corresponding 
to S- (benzyl) -N-substituted compounds (XLV) 
s. -c~-@ 
A 
R benzoyl or 
2,4-dinitrobenzene 
N N-R 
LJ 
or danzyl groups 
(XLV) 
could be isolated. The alkaline reaction conditions used for 
the sUbstitution of the amino (N-H) group of ETU appeared, as 
in the previous section (4.2.(I) and (11», to have degraded the 
product (as observed on TLC (experimental, p. 66). One of the 
products was identified as being an isothiocyanate from its 
characteristic odour. Partial degradation of the 2-(benzylthio)-
2-imidazoline (XXXV) has been observed elsewhere. 64 ,67 This 
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was proposed by them to be due to the formation of thermally 
and chemically unstable product (XXXV) .6B The compound of 
type (XLV), containing R as the benzoyl group, has also been 
reported to be destroyed by heating. 6B 
4.3 Cyclisation reactions of ETU with phenacyl halides to 
gi ve imidazo [2, I-b] thiazoles 
(I) Formation of derivatives 
Reactions of ETU with different phenacy1 ha1ides, which ,are 
'd 1 d t f k aCl'ds, b l' 72,73,193-195 Wl e y use reagen s or wea e.g. car oxy lC, 
were studied. The reactions of ETU with these reagents pro-
bably takes place because of the tautomers of ETU (I
c 
and Id' 
p. 10), which contain the thiol group, can behave as a weak acid 
chemically. Initially the reaction of ETU with phenacyl bro-
mide was expected to give S-phenacyl esters of type XLVI,193,194 
which should contain strong chromophores (required for increased 
sensitivity on HPLC). 
products (XLVII to ,L 
However,the IH-NMR spectrum of the 
lacked methylene and the amino (N-H) 
(XLVII-L) 
R: benzyl or other aryl group 
,--------------------------------------------------------------------------------. --
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groups (see below). It appeared that on refluxing phenacyl 
halide and ETU in alcohol, the initial product (XLVI) had 
undergone an intramolecular reaction between the amine group 
and the aromatic carbonyl group (adjacent to the aromatic 
ring), with the elimination of water to give a stable bicyclic 
derivative, imidazo_C2,1-b]thiazole (XLVII, Table 3.3). A 
literature search showed that similar reactions had been repor-
ted previously.72,73,193-195 The formation of the bicyclic 
derivatives (XLVII-L) from ETU and phenacyl halides have been 
explained in a study in which the final product depended on 
the solvent in which the reaction was carried out. In acetone, 
S-phenacyl esters (XLVI) were formed and in ethanol bicyclic 
derivatives (XLVII-L) were formed. 193 ,194 
A number of related bicyclic derivatives of ETU and phenacyl 
halides have also been prepared.l96-l98 These cyclisation 
reactions of ETU included with either chloroacetic acid,70 
dichloroacetic acid,l7l chloro_(or bromo)~acetyl acetate,196 
2-bromoacetyl-5-nitrothiopthene,l97 or 4-benzoyl-4-bromobutyric 
acid. 199 These above cyclic derivatives,70,171,l96,197,199 
do not have sufficiently strong UV chromophores (i.e. £ < 10,000 
at approximately 263 nm) and thus these are unsuitable for the 
routine analysis of the residue levels of ETU. At a low wave-
length (234 nm), although the derivative from bromoethyl phenyl-
ketone and ETU has a good UV chromophore (£ " 27,000), -it is 
unsui table because of non-selecti vi ty of this! reagent.72.-
Using the. reactions of ETU with different phenacyl halides, a 
number of related derivatives, which were prepared (Table 3.3) 
were characterised by spectroscopic analysis (see below), as 
20) 
most of the derivatives had not been fully characterised. 
aI) Identification of bicyclic products 
The melting points (Ill-112°C; Table 3.4) of the free bases of the 
phenyl derivative (XLVII) and of p-nitrophenyl derivative 
XLVIII (216.5-2lSoC) agreed with the reported values (111-1130 c72 
for the former derivative (XLVII) and 2l6-21Soc 193 for the 
latter derivative (XLVIII» (See Table 3.4 for comparative m.p. 
with literature values). 
The melting points of the bases of p-phenylphenylene derivative 
(XLIX) and naphthyl derivative (L) (Table 3.4) are not reported 
in the literature, but for comparison, the melting point of 
corresponding salt (322-324oC) of the former derivative (XLIX) 
also agreed with the previous reports (323-324 oCI94 ). The 
melting point of the naphthyl derivative (L), in the previous 
report was, however, lower and of a wider range (242_24So C194 ) 
than the present finding (250-252o C) (Table 3.4). This 
probably implied that the present salt of the naphthyl deri-
vative (L) may be more pure than the previously prepared 
derivative (L). Melting points of each of the bases of the 
imidazo[2,1-b]thiazoles (XLVII-L) gave a narrow range (1-2 oC) 
(Table 3.4); this implied that these derivatives may be suf-
ficiently pure to carry out other analysis on them. 
The IR spectra of the imidazo[2,1-b]thiazoles (Table 3.4) 
were in accord with the formation of bicyclic structures. 
The IR spectra lacked absorption bands for N-H, which are 
present in 2-(m-trifluoromethylbenzylthio)-imidazoline (XXXIV)148 
and in ETU at 3250 cm- l (Table 3.4). The spectra also lacked a 
strong carbonyl band (1720 -1 cm ) normally present in the IR 
spectra of phenacyl esters (XLVI)193,194 or (Ll).196 Instead 
the spectra contained absorption (for C=N and C-N and C=C-H) 
-1 -1 bands at 1610, 1590 cm and at 970 cm respectively (Table 
3.4). The IR absorption bands of these groups (C=N and C=C-H) 
lay in the correct region (1610, 1550 and 968 cm-I) of the 
similar derivative, XLVIII. 198 
The evidence for the purity of the imidazoC2,1-b]thiazoles 
(XLVII-L) and confirmation of the proposed formulae comes from 
elemental analysis (Table 3.5) and indicates their suitability 
for further analysis. 
The clearest confirmation for the structures of the bicyclic 
derivatives (XLVII-L) comes from the proton NMR spectra 
(Table 3.6), which was very similar to the previously reported200 
phenyl derivative (XLVII); i.e., the signals for the aromatic 
ring, methine (-CH=C) and alkenic protons (CH 2-CH 2 ) were res-
pectively at 7.37 ppm (5H,S ), 5.64 ppm (lH, s) and 4.4-3.5PPm 
(4H,lI\.) .200 
However, the signals for the aromatic ring protons of the 
phenyl derivative (XLVII) were simple multiplets,while for the 
other derivatives (XLVIII-L) they were more complex. This was 
because of the influence of either the nitro group (derivative 
XLVIII) or phenyl groups (derivatives XLIX and L), which split 
the signals of protons of the rings when they were attached to 
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the aromatic ring. In contrast, the presence of the carbonyl 
group next to the aromatic ring, as in the original structure 
XLVI, would have split the aromatic protons in a 3:2 ratio due 
to 0-, p- and m- splittings. 
The. splitting of the alkenic protons (CH 2-CH 2) (Table 3.6) may 
be explained by the asymmetrical nature of the CH 2-CH2 groups 
due to the formation of the bicyclic structure; and thus only 
a singlet (3.72 ppm (s» is observed in the S-alkyl derivative, 
2-{m-trifluorobenzylthio)-imidazoline (XXXIV) .148 
The assigned bicyclic structures are also supported by the 13C_ 
NMR spectrum (Table 3.7). Similar 13C signals were present 
(Table 3.7) in all the imidazothiazole derivatives (XLVII to L) 
I 
for -C=N (about 170 ppm), -C=C (- 130 ppm), -CH= (100 ppm) and 
for CH 2-CH2 groups (- 48, - 60 ppm), which were very similar 
to corresponding spectra in compound (LI); 
also appeared at approximately 168, 130, 100 
196 60 ppm. 
(LI) 
i.e. these signals 
, 44, and at 
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Further confirmation comes from the coupled 13C- NMR spectrum 
(Table 3.7) for the carbon at - 100 ppm, assigned to the group 
-S-CH=, which splits into two signals, due to the presence of 
the proton attached to this carbon atom. Similarly the 
splitting of the methylene (CH2-CH 2 ) and the aromatic carbons 
(which had one proton attached to them), in 13C- NMR spectra, 
were also observed (Table 3.7). 
In the mass spectra of each of the imidazothiazole derivatives 
(XLVII-L), the base peak corresponding to the expected molecular 
ions (at m/z of 202, 247, 278 and 252 respectively) (Table 3.8) 
also confirm the bicyclic structures (i.e., corresponding S-
phenacyl esters (XLVI) would have given different molecular 
ions). The molecular ion (at m/z of 202) also corresponded to 
that previously reported for the phenyl derivative (XLVII).200 
Fragment ions in each spectrum (Table 3.8) for the groups corres-
ponding to the imidazoline (m/z;68) and "+ +. HS-C=C-R group (M 
• ( +. • 
-68); R and M -R) groups at 125; +CH=C-R group (at m/z of 
M+' --100) also confirm the similarities of the bicyclic struc-
tures (XLVII-L). The fragment ion at 72 could possibly be 
from the (C 5Hl2+') ion formed from the fragment of the aromatic 
ring. The possible mechanisms by which the above fragment ions 
can be formed from parent imidazothiazole derivatives (X LVII-L) 
~ depicted in the Fig. 4.1 (see below). 
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Fig. 4.1: Fragmentation of imidazoC2,1-bJthiazoles 
Fragmentation of the parent imidazoC2,1-bJthiazole molecule in 
MS to give 
(M+' -68), 
ions corresponding to imidazoline,68 '+HS-C=C-R group 
.+ CH=C-R (m/z -100), and at R' and (m/z -R') group. 
·eHS - C ~ C - R 
~H a ~C-tR Oc....... b N C 
(M+' --68) (1,34,178,209,183) 
a(l) --~~ R0 
(17,120,122,152,127) 
+. (125) ( M - R') 
(102,141,178,152) 
(not observed ) 
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(Ill) Analytical formation of the phenacyl derivatives (XLVII-L) 
In order to use the derivatisation procedure at the residue levels 
of ETU, a need for work-up to remove the excess of the reagent 
was investigated. This would avoid overloading the of the 
column and also any interferences in the HPLC analysis which 
might be present due to the co-extractives of crops. 
ETU and an excess of the phenacyl halide was refluxed for two 
hours in ethanol (see Chapter 2, pp. 66 ) to form imidazo-
thiazoles. After the reaction, ethanol was removed by evapo-
ration and to the remaining residue aqueous hydrochloric acid 
(pH 5-6) was added to convert the derivative into the salt form, 
imidazoC2,1-b]thiazolium salt. 18l 
into the chloroform layer. 
The excess reagent was washed 
It was observed that some of the imidazothiazolium salt 72 
remained in the chloroform fraction and so acidification and 
this extraction step in the residue work for ETU was omitted. 
The aqueous solution was neutralised with aqueous ammonia (pH 
9.0) and the imidazothiazole derivative was extracted into chloro-
form leaving polar compounds in the aqueous media as these 
(polar) are often present in the crop extracts (the excess re-
agent remained in the chloroform layer if acidification was 
omitted) • 
The residue (derivative) after the evaporation of the chloroform 
(p. 67) can then easily be analysed, with reduced interferences, 
on HPLC (Chapter 2, section 2.l0.(II); p. 64). 
------~--. -~. -~ -~ ----~-~~~ ------
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4.4 Chromatography of imidazo(2,l-~thiazole derivatives on HPLC 
The thermal and chemical stability of the imidazoC2,l-~thia-
zoles and their ultraviolet spectra (Table 3.4) suggested that 
they should be suitable derivatives for use in HPLC. Their 
separation was investigated on ODS-Hypersil and silica columns 
but because of the pH limitations of these columns, a more stable 
polymer column was also used. 
(I) Separation of p-nitrophenyl derivative (XLVIII) on 
ODS-Hypersil columns 
Separation of 3-(p-nitrophenyl)-5,6-dihydroimidazo[2,l-bJthiazole 
(XLVIII) was examined on ODS-Hypersil (Table 3.9). Although 
the retention of the p-nitro derivative (XLVIII) was suitable 
(k' = 20.0), the peaks tailed badly. It appeared that the 
uncapped silanols on the silica surface were interacting strongly 
with the tertiary amino group of the basic derivative. 
On increasing the proportion of methanol to 95% the retentions 
were reduced, but the peaks still tailed badly (Table 3.9). 
It appeared that the tailing was due to the ionisation of the 
derivative and that to obtain sharper peaks it should be chro-
matographed as a free base. The pH of the eluent was there-
fore increased to 9.0. The peak width (1.0 cm) and retention 
times were initially reduced (Table 3.9), but the efficiency 
dropped off rapidly with repeated injections. This was because 
the top of the column bed had dropped due to the attack of the 
eluent at pH 9.0 on the silica. Similar problems have also 
b d · 1 201 een reporte prevlous y. 
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The reduction of k' with increase in pH, suggested that the 
retention with, methan01:water (an eluent), was not due to the 
reverse phase system, but some ion exchange interaction was 
present. 202 Under the neutral (pH = 7.0) conditions, the 
derivative is present in an ionised state and this interacts 
strongly with acidic silanol groups, which increases the reten-
tion and the peak width. At pH 9.0, the derivative is in 
neutral form and so ionic interaction is less, as shown by the 
decrease in the retention (Table 3.9). 
Because good peak shapes were only possible at pH 9.0, at the 
expense of attack on the silica, the study was discontinued. 
(II) Separation of p-nitrophenyl derivative (XLVIII) on 
si I ica columns 
As basic drugs, including tertiary amines, have been success-
fully separated using acidic (perchloric acid in methanol) con-
ditions on unbonded silica columns,202,203 these systems were 
studied to separate the 3-(p-nitrophenyl)-5,6-dihydroimidazo-
C2,l-bJthiazole (XLVIII). On these columns, the retentions of 
the amines have been reported to be by an ion-exchange mecha-
, 203,204 
n~sm. 
Prior to the use of the silica column, its performance was 
investigated and was found to be satisfactory, as it (column) 
gave reasonable efficiency values using standard test mixture 
(Table 11, p. 63). As the amount of perchloric acid in the 
eluent, methanol, was increased, lower retention times were 
2~~ 
obtained (Table 3.10). This resulted in sharper, more sym-
metrical peaks and increased efficiency (Table 3.10). Similar 
changes were also observed by Flanagan and co_workers. 202 ,203 
At 0.1% perchloric acid in methanol, the column had started 
to produce erratic results due to the attack on silica. Similar 
attack on the silica has also been observed previously.201,204 
0.05% perchloric acid in methanol was therefore selected for 
further studies as it gave the best separation (Fig. 3.1(ii». 
In this HPLC system, a calibration curve for the p-nitrophenyl 
imidazo(2,l-bJthiazole (XLVIII) gave a linear response 
(c.c. 0.9998) from 0 to 24 ng (Fig. 3.5). The limit of 
detection of ETU, as the p-nitrophenyl imidazoC2,1-b3thiazole 
(XLVIII), was calculated to be 0.05 ng (Fig. 3.6). 
However, this study was discontinued, because the lifetime of 
the column was limited at this pH (2-3), and with time the 
results were non-reproducible. 
In addition, the short retention time (2.7 min, Table 3.10) 
would probably have presented problems in practical use because 
of interferences from the crop extracts. There are also the 
safety considerations concerning the use of perchloric acid. 205 
(III) Separation of p-nitrophenyl derivative (XLVIII) on 
polymer columns 
'd h h ' l' t b'l' h ' 201 In order to aVOl tee emlca lns a 1 lty and t e deterioratlon 
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of the silica packing, the separation of the p-nitrophenyl 
derivative (XLVIII) was studied on a polystyrene-divinyl ben-
zene (PS-OVB) column, as this column has been claimed to be 
stable between pH 1 to 13. 206 
The polymer column should lack the strong interactions exper-
ienced between the tertiary amino group and silanol. The 
efficiency of the polymer (PLRP-S) column was also found to be 
satisfactory, using nortryptyline (a tertiary amine) as the 
test substance (Table 11, p. 63). 
The chromatography of the p-nitrophenyl derivative (XLVIII), 
on a polymer (PLRP-S) column / was studied using 
methanol:water and acetonitrile:water as eluents with different 
pHs and ionic strengths to determine the most suitable solvent 
(Table 3.11 s.. 3.12). 
Increasing the proportion of methanol resulted in decreased 
retention of the p-nitrophenyl derivative (XLVIII) and decreased 
peak widths (Table 3.11). However, in the best peaks (at high 
proportion of methanol), there was still some tailing, and it 
appeared that the derivative should be eluted as the free base. 
Therefore, the separation was repeated using the eluents, 
methanol:aqueous ammonia (pH 9.0) or acetonitrile:aqueous 
ammonia (80:20). In the latter eluent (Table 3.12) the peaks 
had almost half the width of the former and reduced retention 
times. This suggested that acetonitrile:aqueous ammonia with 
its high pH was a better eluent than methanol:aqueous ammonia 
for the separation of p-nitrophenyl derivative (XLVIII) on 
HPLC. 
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The effect of the pH of the acetonitrile:aqueous ammonia, 
eluent, on retention and peak shapes was investigated (Table 
3.13). As the pH was increased from 7.0 to 10.0, both reten-
tion and peak widths were reduced, resulting in almost symme-
trical peaks at pH 9.0 or 10.0. The increase in the peak 
width at pH below 9.0 may be due to the elution of the deriva-
tive in the ionised form. The decrease in retention of the 
derivative with increase in pH may be because the increase in 
the hydroxide ion concentration, the ionic strength. The 
mechanism is known as ion-interaction chromatography, in which 
the ionised compound is held by the polarizable conjugated 
system of the polystyrene-divinyl benzene and increased re ten-
tions are observed. The effect of a decrease in retention has 
also been observed, for the studies of the basic sulpha (sulpha-
guanidine) drugs on the polymer column, by increasing the pH 
from 3.1 to 9.1 with either sodium hydrogen phosphate 206 or 
with increase in OH ions due to sodium hydroxide. 207 
The effect of the ionic strength on the buffer in the aceto-
nitrile:aqueous ammonia pH 9.0 (80:20) eluent was then 
studied to determine the most suitable buffer to separate the 
derivative. pH 9.0 was chosen for this study, as the p-nitro-
phenyl derivative (XLVIII) had marginally longer retention than 
for pH 10.0 (Table 3.13). The longer retention time was 
required to avoid interferences in the residue analysis of ETU 
in crop extracts and this was again obtained by using the 50:50 
mixture of the above buffered eluent (Fig. 3.l(iii». As the 
ionic strength in the eluent was increased the retention times 
and peak widths were reduced (Table 3.14), as observed e1se-
where. 207 
~-- ._----------
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About 1.5% ammonium nitrate in the buffer was most suitable, 
as higher concentrations (2.0%) resulted in the precipitation 
of salts, in the HPLC system and non-reproducible results 
because of variable back-pressures. 
(IV) Calibration and comparison of the imidazo[2,l-b]thiazole 
derivatives on a polymer column 
The polystyrene packing was found to be stable for several 
months under the experimental conditions and gave reproducible 
results. The three imidazo_ thiazole derivatives (XLVIII, XLIX, 
L) were analysed, using their absorption maximum wavelength for 
detection,208 to determine the most suitable derivative for the 
analysis of the residue levels of ETU (Table 3.15). Because 
the phenyl derivative (XLVII), had only a weak chromophore 
(Table 3.4), it was not included in the study. The inter-
ferences from the respective reagents were also studied as any 
excess could affect the measurements. In each case the 
imidazo~thiazole derivatives and their respective reagents 
were well separated (Table 3.15). The separation of the imi-
dazo _ thiazole derivatives on HPLC, under these experimental 
conditions, indicated that any of the derivative reactions can 
be applied to determine ETU and that the extraction procedure 
(Chapter 2, p. 66) for the removal of excess reagent should not 
be needed. 
When the reagent or ETU were treated separately, under the 
derivatisation experimental conditions (p. 67) and the products 
were examined, no degradation peaks were present, indicating 
stability of reagent and ETU. 
,------------ -~ -- --~ _ .. --------------- _. -
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These three derivatives (XLVIII-L) gave linear responses 
(correlation coefficient 0.9995-0.9998) (Table 3.15 and Fig. 
3.7) over a range of 1 ng to 200 ng of derivatives. 208 
The curve for the p-nitrophenyl derivative (XLVIII) had the 
steepest slope (0.05 9 mm/ng; Fig. 3.7).208 This indicated, 
under these experimental conditions, the highest sensitivity 
for the p-nitrophenyl derivative (XLVIII) compared to either 
the p-phenylphenylene (0.03 6 mm/ng) (XLIX) or the naphthyl 
derivative (0.03 9 mm/ng; L) (Fig. 3.7).208 From the noise 
level of the background signals of the detector, the limit of 
detection of ETU as the aqueous solutions of p-phenylphenylene 
derivative (XLIX) and naphthyl derivative (L) were calculated. 
The limit of detection of ETU was marginally lower (0.018 ng) 
using p-phenylphenylene derivative (XLIX) than the naphthyl 
derivative (0.2 ng; L) (Figs. 3.8 (i & iD). These results 
(0.059 mm/ng, slope) and a better yield of the reaction 
(Table 3.4) for the p-nitrophenyl derivative (XLVIII) sug-
gested its suitability to use this derivative (XLVIII) to 
determine ETU at residue levels. 
To investigate the application of the p-nitrophenyl derivative 
(XLVIII), for the residue work of ETU, a range of solutions of 
ETU (0, 0.0023 \lg/ml to 0.134 \lg/ml in one ml ethanol) were 
derivatised with the excess of the p-nitrophenacyl bromide and 
the products examined by HPLC. 208 The p-nitrophenyl deriva-
tive (XLVIII) was formed in good yield (83-94%; Table 3.16).208 
The calibration of the responses of the signals from 0 ng to 
1.34 ng (= 10 \ll injected solution of final 1 ml samples) of 
ETU as the p-nitrophenyl derivative (XLVIII) gave a linear 
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response (correlation coefficient, 0.9989; Fig. 3.10). The 
reagent (0 ng of ETU), when treated the similar way to the 
derivatisation process, gave no signal at the retention time (F.L~3~) 
of the p-nitrophenyl derivative (XLVIII) and the excess of the 
reagent was found not to interfere with the derivative (XLVIII) 
signal (Fig. 3.9 (i) ) • The limit of detection of ETU, as the 
p-nitrophenyl derivative (XLVIII), was lower (0.04 ng) compared 
to either of the other two derivatives (XLIX and L) 20~Fig.3.~. 
Similar results were obtained on repeating the experiment, but 
using different starting solutions of ETU (0, 0.0078 to 0.78 ~g/ml 
in ethanol) (yield 82 to 98%; Table 3.16). The final 
solutions (10 ~l of 1 ml solutions) were analysed on above HPLC 
system, but different eluent (50:50 mixture of acetonitrile: 
ammonia/ammonium nitrate (1.5%), buffer pH = 9.0, instead of 
80:20 mixture), which would be used ( for reason see later) for 
the residue analysis of ETU in crops. The calibration for the 
signals of the p-nitrophenyl derivative solutions (= 0 to 
0.078 ng of injected ETU) also gave a linear response (corre-
lation coefficient 0.9997; Fig. 3.11). The limit of detec-
tion of ETU (0.078 ng) (Fig. 3.12, 3.13) under these experi-
mental conditions, using the p-nitrophenyl derivative (XLVIII) 
was found to be higher than when an eluent of 80:20 mixture 
of acetonitrile:aqueous ammonia/ammonium nitrate (1.5%), buffer 
pH 9.0 was used. This was because the eluent, 50:50 mixture 
(of acetonitrile:aqueous ammonia/ammonium nitrate (1.5%), 
buffer pH = 9.0) caused the peak of the p-nitrophenyl deriva-
tive (XLVIII) to have a longer retention time than when 80:20 
muxture (of the same eluent) was used; this increased the 
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broadness and decreased the peak height (response) of the signal. 
These limits of detection of ETU (0.04 ng or 0.078 ng; Figs. 
3.9(~ and 3.l3~ depending on eluent) were comparable to some 
of the previous GLC methods (0.01 ng to 0.5 ng50 and for others 
absolute limit of detection of ETU has not been stated (see 
151 pp. 35-43» and were better than previous HPLC methods (1~2 ngor 
2 3 152) • ng • Limit of detection (of ~ 5 ppb) of ETU has been 
recently claimed,146 however absolute value has not been given 
and therefore comparison cannot be made. One drawback of the 
present derivatisation method, however, is that the phenacyl 
halides have been reported to be lachrymatory and therefore 
the reaction of these chemicals should be handled in a fume 
cupboard. 186 ,205 
4.5 Other techniques of determining imidazo[2,1-bJthiazoles 
The fluorescent properties of the naphthyl derivative (L) was 
tested. On excitation at either 263 nm or at 390 nm it gave 
symmetrical emission spectra at 390 nm or at 485 nm respec-
tively (Fig. 3.14). Although fluorescent spectroscopy could 
possibly have increased the sensitivity and selectivity for the 
detection of ETU, the reagent, interfered with the derivative, 
by possessing absorption and emission spectroscopy at ~ similar 
wavelengths (Fig. 3.14). However HPLC could have been used 
for the naphthyl derivative (L), because of limitations of time 
period, this was not pursued further. 
Polarography could also be applied to the assay of the 
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imidazo[2,1-b]thiazoles (XLVII-L) using LCEC detectors. 151 ,175 
However, this method appeared to be unsuitable since the co-
extractives of the crop-extracts can easily poison the working 
151 175 
surfaces of the electrodes. ' From these methods, it may 
be concluded that the HPLC method, for the determination of ETU 
at residue levels in crops, remain most suitable technique. 
4.6 Preparation and HPLC of degradation products of ETU 
As has been noted in Chapter 1, the possible degradation pro-
ducts from ETU were 2-imidazolin-2-yl-sulphonate (XVI), 
imidazoline, hydantoin, EU (XVII), and Jaffe's base (XX). 
EU (XVII) and hydantoin were available, while the other above 
degradation products were prepared in accordance with the 
literature methods and the formation of these compounds was 
f ' db db t ' 1,96,98,104 con ~rme y m.p. an y spec roscop~c ana ys~s. 
(see pp. 68-69). 
(I) Preparation of ethyleneurea (XVII) derivatives and 
separation of ethylene urea on HPLC 
Because ethyleneurea only had a weak UV chromophore, which 
absorbed at 222 nm, its derivatisation reactions with phenacyl 
halides,72 benzoyl chloride,69,l82 fluoro-2,4-dinitrobenzene l82 
and dansyl chloride l82 ,l83 were attempted. 
However, no product was isolated with phenacyl halides, sug-
gesting that EU (XVII) is not as acidic as ETU. However, no 
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product was isolated following amine reactions,69,182,183 sug-
gesting the N-H group of the EU is also not sufficiently basic 
to undergo amine substitution reactions. This is despite 
earlier reports in which mixtures of mono and disubstituted 
derivatives were obtained following the reaction of ETU and 
benzoyl ch1oride. 69 Such mixtures would, however, have made 
HPLC analysis difficult in our case. 
Although EU (XVII) could be detected by direct HPLC method, 
it (EU) had a short retention (k' = 1.41; Table 3.17) and this 
signal of EU (XVII) would be severely overlapped by the signals 
of the polar co-extractives of the crops. This would make 
the determinations of EU (XVII) difficult in the presence of 
co-extractives. In addition weak UV chromophore would give 
poor sensitivity for EU (XVII). 
(11) Separation of other degradation products of ETU on HPLC 
The separation of Jaffe's base (XX) was attempted on ODS-
Hypersi1, silica, cyano or amino bonded silica phase with 
various mixtures of solvents (methano1:water) as the e1uents. 
On the latter three columns, Jaffe's base (XX) could not be 
detected and appeared to be completely retained while on the 
ODS-Hypersil column even with water as eluent (water), it was 
not retained, e.g. k' = 0.07 (Table 3.17). When this com-
pound (XX) was injected in basic solutions (pH = 9.0 with 
aqueous ammonia), to increase its retention, it was again not 
detected. 
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The probable reason for the above detection problems was 
that Jaffe's base (XX) has been reported to degrade, in the 
alkaline solutions, to EU (XVII) and a sulphate. 96 ,97 EU 
(XVII) can further degrade, in the same alkaline solutions, 
to non-UV absorbing ethYlenediamine. 96 ,97 
The other degradation products, imidazoline, hydantoin, and 
2-imidazolin-~1-imidazolidinethione (XVI) were also unretained 
on ODS-Hypersil by the direct HPLC method (Table 3.17). 
Although radiolabelled compounds could have been used to 
detect degradation products (on TLC), it was not followed 
. . 39 96 108 164 because sLmLlar work ' , , has already been reported. 
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C H APT E R 5 
5.0 Extraction of ETU from lettuce samples 
Before either the direct analysis of ETU or analysis following 
derivatisation could be applied to plant samples, it was neces-
sary to develop an extraction procedure which would reduce 
interferences from the plant components and give "clean" 
extracts. 
5.1 Development of fractionation steps used in the extraction 
procedure of ETU 
The extraction method was based on previous reports,157,159 
which involved extraction with methanol, washing with hexane, 
a clean-up on an aluminium oxide column, and an elution and 
concentration step. This procedure was chosen because it had 
been reported to produce good recovery (76 ± 8%) of residue 
159 levels of ETU from lettuces. A number of modifications to 
the method were made, which included the use of glass-fibre 
filter paper, absence of the use of sodium ascorbate in methanol, 
adjustment of the evaporation temperature, and the use of 
methanol as the eluent for the column. In each case ETU was 
monitored by direct HPLC method and sometimes with p-nitro-
phenyl derivatisation method (for confirmation). 
(I) Filter paper 
The glass-fibre filter paper (GF/F 5 ~m) was used in the 
-----------
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present work instead of the Whatman filter paper (No. 542), 
since it will also filter out any micro-organisms (from the 
crop extracts) which had been suggested might cause degra-
dation of ETU. 103 
(II) Effect of evaporation temperature on ETU 
As the temperature for the evaporation of the solvent from the 
crop extract has often not been reported in 
th d 46,47,50,110,146,149,153,155,161,163 me 0 s 
previous 
it was necessary to 
monitor the thermal stability of aqueous solutions of ETU at 
residue levels. The results of the evaporation of methano1ic 
solution (0.1 ~g/m1) at different temperatures, using a rotary 
evaporator, indicated that ETU was stable in the absence of 
extracts at or be10w70~ (Table 3.1S). Reduced recoveries 
of ETU were obtained 
this level. It was 
as the temperature was increased above 
probably for this reason that others 10S ,109, 
150 159 162 0 
, , used temperatures below 60 C to evaporate off the 
solvent in which ETU was added. However, a temperature of SOoc 
has also been employed for this purpose.1 70 
(Ill) Effect of washing extracts with hexane 
In order to remove non-polar compounds from extracts of crops 
which have high retentions on HPLC leading to a prolonged assay, 
the use of hexane to wash the methano1ic extracts from lettuces 
spiked with ETU was investigated. This had also been used pre-
vious1y iri the clean-up procedures. 47 ,143,146 
The results (Table 3.19) showed the hexane wash to be suitable 
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because this wash did not extract ETU from the methanolic 
attempts were made to 
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solution. Unlike the previous work no 
substitute hexane by dichloromethane160 hI f 47,49,144,145,~ or c oro orm, 
as the latter two solvents are fairly polar compared to hexane 
and may extract ETU from methanolic solutions;. 
(IV) Effect of clean-up on an aluminium oxide column 
An aluminium oxide column was used to remove insoluble and very 
polar compounds from the extracts before analysis. This was 
done by selecting the best solvent that would elute all the ETU 
in a minimum volume. A number of different solvents; 
methanol, ethanol, n-propanol, dichloromethane, and chloroform 
were used as eluents to elute ETU from these columns; as 
most of these solvents, or their mixtures, have already been 
employed in earlier studies. 47 ,143,146,15S,160 
Methanol appeared to be the most suitable eluent because it had 
eluted all the ETU from the column in the least volume 
(Table 3.20). As this method was successful no attempt was 
147 
made to investigate Sephadex 'I' 1150,164 or SL Lca ge columns, 
which have been used in the past by other workers. 
(V) Test of developed extraction procedure from aqueous solutions 
of ETU and from lettuce extracts containing ETU 
The extraction method was applied to the aqueous solutions of ETU 
(with and without lettuce extracts (50.0 g» and the recovery 
was determined using the direct and the p-nitrophenyl derivati-
sation methods of analysis (Tables 3.21 and 3.22). The method 
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gave high and reproducible recoveries and confirmed its suita-
bility (see also PP.228 & 249). 
. 150 157 159 160 . . Desp1te reports to the contrary , , , the 1nclus10n 
of neither cystein nor sodium ascorbate in the methanol did 
not improve yields of ETU. This is despite that these chemicals 
may act as oxidants and improve extraction of ETU. 
5.2 study of treatment of lettuces before extraction of ETU 
Lettuces were selected as a representative test-crop, because 
they are readily available, can be easily cultivated under con-
trolled conditions and because they are routinely treated with 
EBDCs. 
TO investigate the extractability of ETU from lettuce-extracts 
and to reduce interferences associated with the HPLC analysis, 
some modifications to the analytical methods were made. 
In the direct HPLC method a guard (ODS-Hypersil) column attached 
to the main ODS-Hypersil column was employed to protect the 
column, which otherwise became contaminated by the crop extracts 
(see also p. 143). 
In order to increase the retention time of the p-nitrophenyl 
derivative (XLVIII) and thus to reduce interferences from plant 
material, the 50:50 mixture of acetonitrile:aqueous ammonia! 
ammonium nitrate (1.5%) pH 9.0 (instead of 80:20 ratio) as an 
eluent, in the HPLC analysis of the p-nitrophenyl derivative 
(XLVIII) was used. 
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As described in the p-nitrophenyl derivatisation reactions, the 
acidification of the extracts (derivatised) was not found to 
be necessary, as the excess reagent did not interfere with the 
retention time of the p-nitrophenyl derivative (XLVIII) corres-
ponding to ETU (Figs. 3.12 and 3.13). Thus the analytical 
sample obtained after the derivatisation step required only to 
be basified, before extraction with chloroform (experimental 
section 2.16, p. 72). 
Previously, crops being examined for ETU residues have normally 
been coarsely chopped and macerated and then extracted with a 
range of solvents l08 ,110 (p. 29). This led to an investi-
gation of the best pretreatment of the lettuces and the most 
suitable solvent for extraction of ETU. 
to degrade rapidly in crop extracts using 
. 11th 124 ,29,39,104-106 ( part~cu ar y me ano p. 
ETU has been reported 
certain solvents, 
20). Thus it was 
essential to investigate alternative extracting solvents and 
methods for treatment of the leaves of the lettuces, that would 
give optimum recovery and stable extracts. The relative 
recovery of ETU from different parts of the leaves was also 
examined. This was carried out by examining the lettuce 
leaves, which had either been spiked with ETU or which had 
taken up (incorporated) ETU from soil (Figs. 3.15-3.17). 
In each case the determinations were carried out in duplicate 
on separate quarters from a single (same) lettuce and also 
from a duplicate (separate) lettuce. This was done to deter-
mine the suitability of the analytical method and to determine 
the biological differences in the behaviour of individual 
lettuces. 
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Untreated and treated lettuces were analysed on the same day to 
minimise any interferences in the signals due to the blank or 
the ETU. Retention times had been found to vary slightly from 
day to day, probably because of small daily changes in tempera-
ture or small changes in the eluent composition. In most cases, 
the ETU concentration was measured by using the direct HPLC 
method of analysis, because of its simplicity, rather than fol-
lowing p-nitrophenyl derivatisation. 
(I) Extraction from lettuce samples spiked with ETU 
Initially untreated lettuces were extracted and analysed by 
HPLC to investigate possible interferences from compounds co-
extracted from the lettuces with the ETU. Co-extractive 
interferences with similar retention times to that of ETU have 
been reported from tomatoes using HPLC157 and from spinach, 
. 149 159 164 tomatoes, celery and blackcurrant uS1ng GLC. " The 
untreated lettuce leaves were washed whole, coarsely chopped, 
or macerated, then extraction was carried out using a selection 
of solvents, i.e. methanol, ethanol, water, dichloromethane or 
chloroform. There were no major interfering peaks with re ten-
tion times close to that of ETU (e.g. coarsely chopped, 
Fig. 3.18 and 3.19). 
The least complex background chromatograms were obtained from 
the extracts with water, dichloromethane or chloroform as sol-
vents, which suggested that they might be suitable solvents. 
studies were then carried out using lettuces, which had been 
,---------------- ---------- ------
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spiked with ETU. The coarsely chopped leaves were extracted 
with different solvents. The recovery of ETU from spiked 
lettuces was highest for methanol (89 ± 4%), and decreased in 
the order of ethanol, water, dichloromethane and then chloro-
form (Fig. 3.15). In each case the reproducibility of the 
recovery from duplicate samples was good, as shown by the 
range of the measurements (Fig. 3.15). Thus methanol appeared 
to be the most suitable solvent for extraction. Although a 
similar comparison has not been conducted previously, methanol 
has frequently been used in the past to extract ETU~7,50,107,141-146 
The recovery of ETU by methanol (89%; Fig. 3.15) obtained in 
these studies is similar to the values (of % extraction of ETU 
from crops) reported in the literature (74 - 101%;107 50_90;141 
65_82 143 and above 80%47,50,142,144-146). Although good re co-
veries of ETU have also been obtained by using dichloromethane 
(60-75%51), ethanol (65_128(:)%148), or water (99%152), in the 
present study lower recoveries (39 ± 4%, 72 ± 7%, or 65 + 3%) 
(Fig. 3.15), but with a better range, were obtained. 
Because there are reports that the recovery of ETU from some 
plant extracts, such as lettuces and tomatoes,24,29,39,104-106 
is apparently reduced because of interactions by other plant com-
ponents, the extractions were carried out with whole, coarsely 
chopped, or macerated lettuce leaves. The recoveries (Fig. 3.16) 
indicated that coarsely chopping the lettuces gave a better 
yield (89 ± 4%) than washing the intact leaves (76 + 7%) or 
maceration (23 ± 13%), which caused considerable loss of ETU. 
The reduced recovery following maceration may be due to an 
enhanced degradation of ETU in the presence of either enzymes 
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or other components released from the tissue extracts. Lower 
recoveries of ETU from macerated leaves compared to whole leaves 
had also been observed previously160 (also see p. 230, ~t para.). 
(11) Extraction of the incorporated ETU from lettuces 
The study of the lettuce leaves spiked with ETU, only measured 
the efficiency of the recovery (from the outside surfaces of 
the leaves) and any interferences. It is more important to 
determine the efficiency of the extraction from within the plant 
tissues. This was done by treating the soil with ETU, which 
is then taken up29,39,108 by the lettuces. However, in this 
way it is difficult to determine the recovery (at anyone time) 
of the ETU incorporated in the plants, because the original 
concentration (after uptake) of ETU in the plant cannot be 
accurately known. 
The study was conducted by extracting, with different solvents, 
lettuces which had been grown in soil treated with equal amounts 
of ETU, but following different treatments (Fig. 3.17). The 
relative extractions of ETU were similar to the spiked treatments, 
that is extraction was highest for methanol and decreased in 
the order of ethanol, water, dichloromethane and chloroform, 
iresspective of method of sample treatment. 
The highest yield was obtained from the coarsely chopped let-
tuces compared with the whole and macerated leaves. Washing the 
intact whole leaves indicated that most of the ETU is accessible 
and must be held close to the surface of the leaves. 
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Methanol extraction of coarsely chopped leaves was therefore 
adopted as the standard extraction method for ETU and was used 
in all subsequent studies of lettuces and other crops. The 
problem of the exact recovery of ETU from within the plants, 
could possibly have been determined by monitoring the concen-
tration of ETU in each leaf (with time) after injecting a 
solution of ETU into a set of single leaves. However, limi-
tation of time prevented from pursuing such study. 
Alternatively a large inert and non-absorbing plastic sheet 
(~ I m) could be cut into small pieces of about the size of 
lettuce leaves. The plastic'sheet, may be sprayed (or spiked) 
with ETU, and further coarsely chopped, extracted, and recovery 
of ETU determined as in the lettuces. These plastic sheets 
would, however, be free from the problems of any enzymes and 
interfering co-extractives. 
(Ill) Degradation of ETU in different extracts of lettuce 
leaves and effect of daylight on ETU in leaves 
It has been reported that on storage, solvent extracts of ETU 
from cucumbers,29 beans,39,104 tomatoes 24 ,105 and pickles, 
apples and tomato sauce l06 were unstable and degraded in a few 
hours. The stability of ETU in the different extracts of 
whole washed, coarsely chopped and macerated leaves, on storage 
in daylight in the laboratory was determined. 
Initially the extracts were studied when exposed to daylight in 
the following solvents (methanol, ethanol, water or chloroform) 
2)0 
and the stability of the ETU was as follows: whole washed (48 
hours), coarsely chopped (4.0 hours) and macerated leaves 
(2.0 hours (Fig. 3.20). This indicates the time for which the 
extracts may be stored before analysis. After 2.0 hours in 
the macerated extracts and 4.0 hours in the coarsely chopped 
extracts, significant degradation of ETU occurred (Fig. 3.20). 
The initial and overall rates of degradation of ETU were faster 
in the macerated extracts irrespective of solvent, compared to 
the extracts from the coarsely chopped lettuces (Fig. 3.20). 
For example, the loss of ETU after eight and 16 hours in metha-
nolic extracts was 35% and 40% for the macerated extracts and 
20% and 30% for the coarsely chopped extracts, indicating high 
initial rate of degradation, which reduces with time (gradient 
decreases; Fig. 3.20). This may be because of faster degra-
dation of ETU in the presence of enzymes or other constituents 
of the tissue extracts, which may be released on maceration 
(enzyme release may be less from coarsely chopped lettuces) and 
. . 53 101 102 
also because of natural co-extractives which photosensLtLse' , 
the degradation. Identical results (Table 3.20) (within 
experimental errors) were obtained when solutions of ETU were 
left in the dark. Therefore it appeared that under these 
experimental conditions no photolytic reaction of ETU was 
occurring. 
The stability of ETU in the extract, decreased in the order of 
the solvents, chloroform, water, methanol and ethanol, indi-
cating reduced degradation of ETU in the protic solvents. It 
is probable, therefore, that methanol and ethanol extracted 
greater quantities of materials that may aid the degradation of . 
2Jl 
ETU. The rapid degradation of ETU in the methanolic extracts 
24 29 39 104 105. . had also been observed elsewhere, , , , , whLch confLrms 
the above finding. The degradation of ETU in other solvents is 
not known as there are no reports on this aspect. 
The degradation products of ETU (PTU (V), 2-imidazolin. -~l-
sulphonate (XVI), EU (XVII), Jaffe's base (XX), hydantoin, 
glycine, imidazoline, 2-imidazolimhydrosulphite (XXVI», which 
have been detected (using TLC) after interaction of ETU with 
plant extracts 24 ,29,39,104,l05 did not have reasonable re ten-
tions (p.54 ) on present HPLC system and therefore they were 
not detectable. However, using previous TLC conditions 
(methanol as the eluent and iodine as detecting reagent) ,96 
imidazolin -2-yl-sulphonate (XVI), EU (XVII), and Jaffe's base 
(XX) were confirmed. 
The above photolytic experiment, however, has limitations, 
which are: no direct sunlight was used to degrade solutions 
of ETU, because others lOl had reported degradation (of ETU) in 
sunlight, the glass windows of the laboratory possibly 
absorbed the required wavelength lOl to degrade ETU; and 
samples (in containers) were left for a relatively short 
period. One problem, however, observed during this study was 
that if samples had been left for a longer period than 3 days, 
different evaporation rates of the solvents occurred and this 
affected the concentrations of ETU in each container. 
Radiolabelled compounds (14C or 35S ) could have been applied, 
but this again would not be original work, because similar study' 
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(using TLC) has been reported previoUsly.l64 Furthermore 
degradation products such as CS 2 or S or NH 2CH 2CH 2NH 2 would 
possibly wrongly indicate the presence of ETU (because of 
radiochemical signal from these chemicals). Also TLC method 
(used previously) is not an absolute method of confirming deg-
radation products, because similar molecules may also have 
similar retentions. 
(IV) Distribution of ETU within the leaves of lettuces 
The distribution of ETU within the leaves of the lettuces 
which had taken up ETU from soil, was investigated to determine 
whether the ETU is concentrated at particular sites. 
The results showed that most of the ETU was located in the leafy 
parts compared to the ribbed parts (Table 3.23). The results 
also suggest that to determine ETU levels in crops, a represen-
tative sample of ribs and leaves should be taken otherwise false 
levels may be indicated. 
Because of the relatively high levels of ETU obtained from 
intact leaves, it appeared that most of the ETU was readily 
accessible and might therefore be near the surface. This was 
thought to be due to the transpiration of ETU through the sto-
mata on the underside of the leaves. This was confirmed by 
washing the two sides of leaves and examining the ETU levels. 
The outer or underside of the leaves compared to the inner side 
showed a much higher level of ETU (Table 3.24). 
---------- ----- -
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This problem could also have been solved using radiolabelled 
( l4C) ETUl~~d monitoring this chemical (using radiochemical 
detector) over the surface of the leaf. However, this method 
would also have given undesired reading from any degradation 
products (of ETU), which would contain the labelled carbon 
atoms. This could wrongly suggest the presence of ETU. 
This study, however, would have indicated where most of the 
label (or ETU) stays within the leaf. 
5.3 The determination of ETU derived from ethylenebisdithio-
carbamates 
(I) Use of extraction method 
The extraction of ETU from EBDC was investigated as it has been 
reported that EBDCs may be converted to ETU during either the 
process of extraction or during heating42 ,44,45 (Chapter I, 
pp. 8-9). These investigations are important as the conversion 
may give erroneous results for ETU determinations. 
The possible degradation of ma.neb by the extraction procedure 
was investigated by comparing the ETU content of the maneb by 
straight methanolic extraction (minus clean-up) and analysis, 
and by an extraction procedure, i.e. methanolic extraction, 
hexane wash, clean-up and analysis. Straight methanolic extrac-
tion was followed as it has been used elsewhere. 142 ,161-163 
Although the results (Table 3.25) for ETU content of maneb 
from either the straight washing with methanol or from 
------------------------------------------------------
extraction and analysis were similar (showing that the extraction 
method does not degrade EBDC), the former straight methanolic 
extraction142 ,161-163 could not be applied at residue levels, 
because the extracts from crops contained high levels of inter-
ferences at or near the retention time of the ETU. 
Although maneb had been reported to 
7_16%;154 and 0.1_1.7%159) by other 
143 degrade to ETU (1.6 - 5%; 
extraction procedures, it 
was found to be stable under these experimental conditions. 
The reason may possibly be the use of microfibre filter paper, 
which allows only ETU to pass through (and not the insoluble 
EBDC). Because the filtrate does not contain maneb, no 
further increase in ETU was observed. This is supported by 
other reports 145 in which similar glassfibre filter papers (GP/A) 
were used and they observed little or no conversion of EBDC to 
ETU by their extraction method. Because, others had used 
Whatman filter papers (No. I, No. 42 or No. 541,47,49,147) 
which may allow the EBDC to pass through; the filtrate would 
then 
also 
contain EBDC and permit the degradation of 
been claimed159 ,166 that GLC methods (p.43 
EBDC. It has 
), because of 
the high temperatures used, may also degrade EBDC. This sug-
gests the HPLC method to be more suitable than the GLC method 
mentioned above. 159 ,166 
When the p-nitrophenyl derivatisation method ------~ was also 
applied to the extracts of maneb, the ETU content was found 
(Table 3.25) to be the same as by the direct HPLC method, sug-
gesting the suitability of either method. This was further 
confirmed when the ETU was extracted from lettuces containing 
r----------------------------------------------------------------------------- --- -
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maneb (Table 3.25), and similar results were obtained, this 
suggested the suitability of either method to determine ETU in 
crops, which may be sprayed with EBDC. 32 ,39,107 
(11) The degradation of maneb on heating 
The degradation of EBDC to ETU on heating was investigated by 
the use of the p-nitrophenyl derivatisation method because 
EBDC has been reported to degrade on heating. 32 ,44,45 
The investigation was conducted by taking either the filtrate 
of the suspension of maneb in ethanol and derivatising the fil-
trate, or by derivatising the powdered maneb directly for one 
or for five hours. 
The results (Table 3.26) indicate (a) that the filtrate does 
not contain maneb and thus only the initial ETU content of maneb 
is evaluated; (b) that the degradation of maneb to ETU depends 
on the time for which it is heated. The latter results support 45 
the degradation of EBDC on heating, which is claimed elsewhere. 32 ,44l 
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C H APT E R 6 
6.1 Degradation study of ETU on lettuces 
Although previous studies of ETU sprayed onto Plants 24 ,32,38,39,107 
and following the uptake of ETU by the plants from soi129 ,39,108 
have been reported, the rate of degradation of ETU on lettuces 
had not been previously determined following the application of 
different levels of ETU. 
(1) Determination of ETU following spraying on lettuces 
The rate of degradation of ETU on the surface of lettuces was 
determined by applying different levels of ETU. The higher 
levels of ETU which were apPlied, may be equivalent to the 
spraying of different EBDCs. The ETU was monitored by dupli-
cate assays on pairs of lettuces, after extraction, using 
mainly the direct HPLC method. 
Care was taken to avoid the run off of ETU during spraying on 
lettuce surfaces, by not saturating the leaves. Typically 
the initial levels of ETU were measured 3-5 minutes after 
spraying. The leveLs of ETU werefound to be O.O~± 0.0075 IJg/g(ETU) 
compared with the initial applied levels of 0.07 + 0.01 IJg/g 
for low level applications (Fig. 3.21) and correspondingly 
1.16 + 0.06 IJg/g and 1.27 + 0.06 IJg/g for high application 
levels (Fig. 3.22). 
The levels of ETU on the lettuce leaves then fell rapidly to 
undetectable levels in ~ 2-3 days (Figs. 3.21 and 3.22). 
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The results (Figs. 3.21 and 3.22) also indicated that the higher the 
levels (of ETU) applied, the longer (Nby 12 hours) it took to 
observe (degrade to) undetectable levels in lettuces. The 
results were similar to those for the spinach and apple studies 
(~72 hours when no more ETU could be detected) .24 However, 
when a large quantity of ETU was sprayed (0.91 kg/gallon but 
exact level in (or per) crops not stated) on either tomatoes32 
or potatoes,107 slightly longer times (6 to 7 days) were reported 
no 
after whichlmore ETU could be detected. However, when an even larger 
quantity (0.8 to 8.8 kg/gallon per acre of open field of crops) 
of ETU was sprayed ETU could be detected for a much longer period 
(-9 days).38,39 
Moreover, in many ways this aspect of the study is unrealistic 
as ETU as such, is not used as fungicide but is present in soil 
or on the surface of plant as a break-down product24 ,29,39,104-106 
of EBDCs, which are applied on crops. Hence the need to assay the 
ability of the lettuces to take up any available ETU from the soil. 
(11) Determination of ETU on lettuces grown in soil 
treated with ETU 
The study was conducted by applying different quantities of 
ETU onto soils in pots and monitoring ETU uptake into the 
lettuces. The rate of uptake of ETU and times when maximum 
and undetectable levels of ETU show up in the lettuces were 
investigated. The addition of ETU either as a single appli-
cation or a multiple application to minimise the in situ 
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formation from EBDC was also investigated. 
From a single application (of 10 mg of ETU) there was, initially, 
a rapid increase in ETU showing that ETU uptake from the soil is 
greater than the degradation rate (Fig. 3.23). The concen-
tration of ETU in lettuces reached a maximum value in 5-7 days 
and then the ETU level decreased. This is probably because 
ETU had been depleted from the soil and thus less was available 
for uptake (Fig. 3.23). The concentration of ETU then dropped tc 
undetectable levels after - 20 days. Similar results were 
obtained for five applications of 2 mg of ETU on succeeding 
days (Fig. 3.24), except that the levels of ETU at any assay 
in lettuces were lower than for a single application (Fig. 3.23) 
of 10 mg of ETU on to soil. This indicated that the rate of 
degradation of ETU (after uptake into lettuces) was fast com-
pared to the accumulative additions of 2 mg of ETU on to the 
soil. 
The next step was to determine whether ETU can be degraded as 
fast as it is applied, which may be thought to be similar to 
multiple application of EBDC28,32,39~07,109 during the different 
seasons. This was done by applying 2 mg of ETU each day for 
16 days (Le. 32 mg). The maximum ETU level (0.32-0.36 ~g/g, 
curve I, Fig. 3.24) remained apprOXimately constant from the 
sixth day onwards (curve 11, 0.32 ~g/g, Fig. 3.24) after the 
daily application of 2 mg of ETU for 5 days. The results sug-
gest an equilibrium point at which the rate of application, 
rate of uptake and rate of degradation of ETU are approximately 
equivalent to each other, and thus an approximately constant 
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level of ETU was observed in the lettuces. 
The present finding that the maximum concentration of ETU in 
the lettuces is found on the sixth day after application onto 
the soil, was further confirmed when the experiment was repeated 
on lettuces with daily applications of ETU (2 mg; curve 11, 
Fig. 3.24) for the first five days and then from 16th to the 
20th day. The ETU level in the lettuces increased from resi-
due levels to approximately 0.32 ~g/g (curve 11; Fig. 3.24) 
on the 21st and 22nd day. 
The average range (t O.Ol.~g/g) for the value of ETU (at any 
time) within each lettuce indicates the suitability of the 
extraction method, and slightly higher average range (t 0.023 ~g/g) 
for ETU in different lettuces, indicate the biological dif-
ference (Figs. 3.23 and 3.24). 
The rapid uptake of ETU found in the present study is comparable 
to the previous reports in which cucumbers were grown in an 
aqueous nutrient solution containing 1000 ~g/ml (or 1.1 Ib/acre 
on an open field) of ETU for two days and gave a maximum con-
centration of 2500 ~g/g (or 0.01 ~g/g) of ETU in the plant on 
the second day. 29,39 In th t d th t f ano er s u y e young roo s 0 corn, 
lettuces and tomatoes were injected with ETU (8-17.7 ~g) and 
also showed a rapid uptake of ETU within 1-2 days.l08 
The time to reach undetectable levels of ETU in these plants 
108 (~ 20 days ), also agrees with the present finding (~20 
days, Figs. 3.23 and 3.24). 
----- - ------------------------------------------------------
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(Ill) ETU uptake by lettuces (in pots) from different soils 
The rate of uptake of ETU by lettuces from soil containing dif-
ferent quantities of organic matter was investigated. 
A comparison of the concentrations of ETU using the direct 
HPLC method and following p-nitrophenyl derivatisation was 
made on the sixth day after the application of ETU to the soil 
in the pots. Webb's Wonderful lettuces were used at this 
stage as Salina lettuces (Chapter 5 ) were unavailable. 
Both analytical methods gave similar results (Table 3.27) 
showing the applicability of the methods to this waxy type of 
lettuces. The ETU concentration was higher in the lettuces 
which were planted in soil pots containing organic matter 
(normal + peaty soil) compared to the sandy soils (containing 
equal quantities ETU), perhaps indicating the increased 
(effective) activity of roots in the former soil. As will 
be seen later, however (Chapter 8), fast percolation of ETU 
through the sandy soil to the waste may have decreased the 
quantity of ETU available for uptake. 
Finally, the Salina and Webb's Wonderful lettuces behaved 
similarly and thus showed similar levels of ETU in the leaves 
of the lettuces (Table 3.27). 
6.2 Degradation of EBDC on lettuces 
(I) Determination of ETU following spraying of lettuces with EBDe 
This study is important since EBDC after spraying on crops, 
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degrades to give detectable ETU. 28 ,32,39,107,109 This study 
was conducted to compare with direct application of ETU on 
lettuces (see Section 6.1 (I··.» and to deduce whether ETU may 
be formed from EBDC, after the initial18 ,23-26 level of ETU 
had been consumed. 
The study was conducted by spraying various types of EBDCs onto 
lettuce leaf surfaces and comparing the formation and the 
degradation of ETU with time. The suitability of the p-nitro-
phenyl derivatisation method to study the degradation of EBDCs 
and ETU was initially confirmed, since the concentrations of 
ETU in the lettuce leaves on the third day (3.42 ~g/g, curve 11, 
Fig. 3.25) and on the sixth day (2.31 ~g/g, curve II, Fig. 3.25), 
after spraying maneb, were similar to those in the direct 
method of analysis. 
The initial (total storage) ETU levels in mancozeb, maneb and 
zineb were respectively 600 ~g. 348 ~g and 2820 ~g, which were 
sprayed on each of separate lettuce heads. Because of dif-
ferent EBDCs applied and because the weight of each lettuce 
varied, the amount of ETU applied per gram of lettuce also 
varied, being 4.8 ~ 0.25 ~g/g, 2.78 ~g/g + 0.12 or 23.50 + 
1.0 ~g/g (Figs. 3.25 and 3.26). 
The initial levels of ETU on the lettuces, after a period of 
30 minutes, were higher than the applied values, i.e. levels 
of ETU in the lettuces found following the application of 
mancozeb, maneb and zineb were respectively 5.95 ~ 0.72 ~g/g, 
3.9 + 0.62 ~g/g and 29.0 + 6.5 ~g/g (Figs. 3.25 and 3.26). 
r--------------------------------------------------------------------------------- -
This indicated that EBDCs either degraded prior to during 
the application and/or after spraying and it would be diffi-
cult to investigate the relative effects. However, degra-
dation of EBDCs to ETU on lettuces (after spraying) is confirmed, 
because it takes a longer time (>16 days; Figs. 3.25 and 3.26) 
for ETU to show undetectable levels, compared with when ETU 
alone was sprayed (2-3 days; Figs. 3.21 and 3.22). The 
initial rate of degradation of ETU is high and then decreases 
with time as indicated by the decrease in the gradient of the 
curves with time (Figs. 3.25 and 3.26). The time when no more 
ETU could be detected, probably indicates when either all of 
the EBDC has been used up or when the concentration of ETU in 
EBDC is so small that any amount of ETU produced is undetectable. 
A slightly longer time (21 days)39 to reach undetectable levels 
of ETU in tomatoes was observed elsewhere, and was suggested to 
depend on the amount and the type of EBDCs applied. 
(11) Determination of ETU in lettuce leaves grown in soil 
treated with EBDCs 
These studies 
ETU following 
were conducted because EBDCs usually contain 
18 23-26 
storage' and because they (EBDCs) may 
be degraded to ETU under agricultural conditions. 3 
ETU may then be taken up into lettuces and degraded fur-
th 28,29,110 er. 
EBDCs were applied to soil in which lettuces were growing. 
ETU uptake into the lettuces, from the degradation of EBDCs, 
was monitored with time. 
The levels of ETU in the lettuces gradually increased from the 
detection limit of the HPLC system to the maximum levels after 
about 9 days (Figs. 3.27 and 3.28), indicating the uptake rate 
is greater than the degradation rate of ETU. The concentration 
of ETU in the lettuces depended on the amount of ETU applied 
as the content in EBDCs. Maneb and zineb had initial ETU con-
tents of 4700 ~g and 580 ~g due to the storage conditions. 
These results support the previous finding for ETU uptake and 
degradation following the application of ETU on soil (pp.24o) 
. 29 110 
and the previous suggest~on,' that ETU uptake is propor-
tional to the amount of ETU present in soil. 
The concentration of ETU in the lettuces after the first day 
following the application of maneb (Fig. 3.28) (ETU content 
was 580 ~g) to the soil was higher than when a larger quantity 
of ETU (10 mg) was applied directly to the roots (Fig. 3.23) 
(in soil). This indicates that the maneb is rapidly degraded, 
in the soil, to ETU, which then is taken up. 
Because of the continuous supply of ETU from the degradation of 
maneb or zineb, it took a relatively longer time (Figs. 3.27 
and 3.28) before the maximum ETU concentration in the lettuces 
was reached compared to 5-7 days (Figs. 3.23 and 3.24) following 
the direct application of ETU. It also took much longer 
(~33 days, Fig. 3.27 and ~22 days, Fig. 3.28) for ETU to 
degrade to undetectable levels in lettuces, compared with the 
direct application of ETU (18-20 days, Figs. 3.23 and 3.24). 
This was also observed elsewhere (- 21 days for maneb appli-
cations and ~28 days for zineb apPlications,llO) and thus 
confirms that level of ETU in the lettuces is dependent on 
the type and amount of EBDCs applied to the soil. 
The downward slope, after the maximum concentration of ETU 
was observed in the lettuces, indicates that the rate of deg-
radation of ETU is greater at that time than the rate of up-
take of ETU. The point at which no more ETU was detectable, 
indicates complete consumption of the EBDC applied. 
The suitability of the derivatisation procedure for this study 
was confirmed by comparison of measurements of ETU levels on 
the first day and on the ninth day, which were found to be 
within the range of the direct method (Pigs. 3.27 and 3.28). 
The larger variation in the results from both assays for dupli-
cate (different) lettuces indicated the biological variation in 
uptake, while smaller variation within duplicate analysis on 
each (same) lettuce indicated the precision of the analytical 
techniques. 
The other degradation products of EBDCs (EU (XVII), Jaffe's 
base (XX), imidazoline, hydantoin and glycine), which have 
previously been observed after interaction (of EBDCs) with 
plants, were not detectable (see pp. 64 & 65 on the present HPLC 
system. Howevex using';TLC. and methanol: acetic acid (9: 1) as 
an eluent (experimental pp. 68-69) EU (XVII), Jaffe's base 
(XX), and in addition imidazoline-2yl-sulphonate (XVI), were 
detected using iodine as the detecting reagent and methanol as 
the eluent. The Rp values for EU (XVII), Jaffe's base (XX) 
and for imidazolin-2yl-sulphonate (XVI) were similar to the ones 
reported previously using the same TLC conditions. 97 
It is probably difficult to investigate whether EBDC can be 
taken up into plants, because no ideal technique exists to 
analyse EBDC directly. However, EBDC inside the plants could 
be determined either by micellar formation with surfactants 
(Cetrimide) and HPLC analysis 209a or indirectly by a CS2 
1 . 209b ana ys~s. If concentration of CS 2 (produced mainly from 
(EBDC) or concentration of the micelle (measured by HPLc 209a) 
increases with time then it implies EBDCs have been taken up. 
The drawback, however, is that of the natural occurring 
compounds and other fungicides (e.g. cap tan and capatol) have 
also been reported 209b to produce CS2 during assay procedures 
as a result of digestion of EBDCs with concentrated acid (a 
common procedure often used to degrade EBDC):09b A drawback 
of the micellar formation with surfactants is that this method 
has previously not been applied in the presence of crops. 209a 
Alternatively if EBDCs are sprayed on the leaves of the plants, 
the plants may be stored for some period and any increase in 
the concentration of ETU on the plants would indicate the 
metabolism of EBDC on plants - as in the present study. 
ETU-free EBDC can be used for these experiments and any ETU 
found (with time) on the leaves of the plants would suggest 
the degradation of EBDC on plants. 
However, in one study, it has been reported that only ETU is 
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taken up into the plants and EBDC remains on the soil. 29 
Radiolabelled EBDC (14C or 35S ) may also be used to spray it 
on to the leaves of the plants and the degradation products 
(after extraction) could then be determined using TLC 164 
and radiochemical detector. 
C H APT E R 7 
7.1 Determination of ETU in other crops (spiked with ETU) 
The study was extended to examine the suitability of the 
extraction and the analytical methods for other crops, which 
were spiked with ETU. This included recovery of ETU, its 
degradation and possible interferences from co-extractives of 
the different crops after these had been spiked with ETU. 
(I) Interferences from blank crop extracts 
The range of other crops examined were cucumbers, tomatoes, 
spinach, celery and blackcurrants (in syrup). These crops were 
extracted as blanks and also after spiking with a known quan-
tity of ETU in water to determine interferences and recoveries. 
ETU from crop extracts were analysed by the direct HPLC and 
the p-nitrophenyl derivatisation HPLC methods. 
The chromatograms of the blank extracts of cucumbers and 
tomatoes, after HPLC analysis by the direct method, showed no 
major interfering peaks (signals) at the retention time of 
ETU (Figs. 3.29 to 3.32). These chromatograms (Figs. 3.29 to 
3.32) however, contained many more peaks due to co-extractives 
than similar chromatogram from the extracts of coarsely chopped 
lettuces (Figs. 3.18 and 3.19). No signal was present at the 
retention time of ETU in these chromatograms (Figs. 3.18, 
3.29, 3.31) suggest that ETU was undetectable from the 
untreated lettuces, cucumbers or tomatoes (Table 3.28). 
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However, the extracts from untreated spinach, or from tinned 
celery and blackcurrants (in syrup), measured by the direct 
HPLC method of analysis, gave some interfering signals at 
the retention time equivalent to ETU (for chromatograms see 
Figs. 3.33 - 3.38). The apparent concentration of ETU, from 
these crop extracts, were calculated to range from 0.001 to 
0.005 ~g/g (Table 3.28). Similar claims for the detection 
of ETU in untreated crops have also been made previously.47,147,149 
The p-nitrophenyl derivatisation method gave much clearer 
chromatograms, from the analysis of the extracts of the 
untreated crops, at or near the retention time of this deriva-
tive (Figs. 3.39-3.50). As there were no peaks corresponding 
to the retention time of the p-nitrophenyl derivative (XLVIII), 
suggested that ETU was initially absent (Table 3.28). This 
showed the selectivity and therefore advantage of the p-nitro-
phenyl derivatisation method compared to the direct HPLC method 
of analysis. This is partly because of the longer wavelength 
(263 nm) at which ETU as the p-nitrophenyl derivative (XLVIII) 
is detected compared to the direct HPLC method (233 nm). Thus 
most of the impurities from these crop extracts, which absorbed 
at shorter wavelength « 250 nm) do not interfere. Another 
reason for the increased selectivity of the derivatisation 
method is because of the additional fractionation (chloroform/ 
aqueous extraction), which assists in the clean-up of the 
analytical sample. 
However, for the extracts of the celery and blackcurrants an 
additional fractionation step was found to be desirable. 
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This was because it was necessary to remove interferences from 
the co-extractives of celery and blackcurrants before analysis, 
by either methods. This was conducted by dissolving the 
analytical sample in a large volume of chloroform and washing 
out the coloured impurities, which caused interference on HPLC, 
with water, which was discarded. This left the ETU in the 
chloroform layer, which was evaporated and the residue was 
analysable (i.e. without excessive interferences; see Figs. 3.35-
3.38; 3.47-3.50) by both methods. 
These results are supported by similar reports,149,159,164 
in which they stated celery and blackcurrant had very many co-
extractives compared to the other crops. 
To increase the selectivity of the p-nitrophenyl derivati-
sation procedure further, the p-nitrophenyl derivative (XLVIII) 
may also be analysed at 390 nm corresponding to a long wave-
length maximum, but because the extinction coefficient is lower 
(Table 3.4) at this wavelength (compared to at 263 nm) its 
sensitivity was found to be much reduced. 
(11) Recovery of ETU from spiked crops 
ETU was added to the coarsely chopped lettuces, cucumbers, spinach, 
tomatoes, or to tinned celery and syrup of blackcurrants and 
thoroughly mixed for ten minutes to allow uniform distribution, 
of ETU to occur. ETU, after extraction, was analysable by 
both methods (see chromatograms in Figs. 3.19, 3.30, 3.32, 
3.34, 3.36, 3.38 (direct HPLC method) and Figs. 3.40, 3.42, 
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3.44, 3.46, 3.48, 3.50 (p-nitrophenyl derivatisation method» 
to determine the recovery levels of ETU and to confirm the 
suitability of the extraction method that was developed for 
the lettuces. The average recoveries of ETU from different 
crops, which were spiked at 0.1 Vg!g (of ETU), were reasonable: 
ranged from 78 to 92% (using the direct HPLC method) or 
76 to 93% (using the p-nitrophenyl derivatisation method) 
(Table 3. 29(i)). This showed a biological variation while a 
narrow range of recovery values within a single crop (e.g. 
cucumbers 77 + 5%) (Table 3.29) indicates suitability of the 
extraction and analytical method. Similar ranges for the 
recoveries of ETU from a similar type of crops were also 
obtained previously using direct GLC detection methods (80-
90% from tomatoes SO and 62-80% from lettuces, tomatoes or 
159 
celery ) or direct HPLC detection methods (- 60% from 
160 tomatoes ) • Similar range, for the recoveries of ETU from 
a similar type of crops were also obtained previously using 
derivatisation GLC methods (74-107(!)% from spinach and 
tomatoes ,49 65-82% from tomatoes,143 and 70-75% from black-
currants 164 ) • 
Recoveries from cucumbers and tomatoes, which were usually 
low (76-77%, Table 3.29) using the p-nitrophenyl derivati-
sation method, also agree with the previously reported GLC 
methods (65-80% from tomatoes and CUCUmbers;147 and 62-70% 
from tomatoes 159 ). This may be because the coarsely chopped 
tomatoes and cucumbers may have released relatively more con-
tents of tissue extracts, compared to leafy extracts, and thus 
promoted the degradation of ETU. Additionally because the 
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p-nitrophenyl derivatisation method involved more (fractionation) 
steps and more time (refluxing time for example) for analysis, 
it permitted reasonable time for the degradation of ETU to take 
place. 
If the crops were spiked with low levels of ETU (0.01 to 
0.05 ]Jg/g; Table J. 29 ii) , the recoveries were generally lower 
than a corresponding high spiked level (0.1 ]Jg/g; Table 3.29(ii» 
. . 47 158 159 166 
as also been obtalned prevlously. ' , , 
(Ill) Limit of detection of ETU from crops, after spiking 
at low levels (!,0.05 ]Jg/g) 
The next step was to determine and compare limits of detection 
(LOO) of ETU, which can be recovered and analysed using direct 
HPLC and p-nitrophenyl derivatisation method, after the crops 
had been spiked with ETU. 
For convenience the limits of detection of ETU, in crops, have 
been determined by considering only a limited part (at or near 
the retention time) of the chromatograms (Figs. 3.29-3.50). 
This is because the signals from the co-extractives (or from 
excess reagent) are too strong. 
A lower spike level of ETU (0.01 ]Jg/g) was detectable using 
direct HPLC method in the extracts of lettuces (Fig. 3.19), 
cucumbers (Fig. 3.30) and tomatoes (Fig. 3.32) compared to 
either in spinach (0.05 ]Jg/g; Fig. 3.34), tinned celery 
(0.02 ]Jg/g; Fig. 3.36) or blackcurrants (0.05 ]Jg/g; Fig. 3.38); 
- - ----c-------------------------
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Lower levels of ETU in the spinach, celery or blackcurrants 
were not detectable, probably because of the degradation of 
ETU during the process of extraction and also because of 
excessive interferences from the co-extractives (Figs. 3.34 
and 3.38) of the spinach and blackcurrants. 
Lowest limit of detection (Table 3.30) of ETU was achieved in the 
extracts of lettuces (0.005 ~g/g; Fig 3.40) using p-nitrophenyl 
derivatisation method. Only 0.01 ~g/g of spike level of ETU 
in cucumbe~s (Fig. 3.42), tomatoes (Fig. 3.44) and tinned 
celery (Fig. 3.48) and 0.02 ~g/g of spike level of ETU in the 
extracts of spinach (Fig. 3.46) or blackcurrants (Fig. 3.50) 
were detectable using the p-nitrophenyl derivatisation method. 
However these chromatograms were much freer from the inter-
ferences of the co-extractives (Figs. 3.40, 3.42, 3.44, 3.46, 
3.48, 3.50) of the crops. The (better concentration)detec-
tion limits of ETU using the p-nitrophenyl derivatisation method 
compared to the direct HPLC method were achieved probably because 
of either the presence of excessive interferences (especially 
from spinach and blackcurrant), which, only showed up using the 
latter detection method (Figs. 3.34 and 3.38) or because of 
better sensitivity of the former detection method (for deri-
vative, XLVIII). These results suggest better suitability of 
the p-nitrophenyl derivatisation method compared to the direct 
HPLC method. 
Because of the degradation rate of ETU in the presence of 
extracts· (of crops) and interferences from different crops, 
limit of detection values, which were obtained for aqueous 
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solutions of ETU (0.2 ng; Fig. 3.4) using direct HPLC method 
and 0.04 ng (Fig. 3.9) or 0.078 ng (Fig. 3.13) using p-nitro-
phenyl derivatisation method, could not be achieved in crops. 
However better LOD value (of ETU in crops) could possibly be 
obtained for the p-nitrophenyl derivatisation method if the 
eluent, acetonitrile:aqueous ammonia/ammonium nitrate (80:20) 
buffer pH 9.0 was used instead of the present 50:50 mixture 
(of the same eluent). This is because the latter solvent eluted 
the p-nitrophenyl derivative (XLVIII) at a longer retention time 
(compared to the 80:20 mixture), the peak widths were reduced, 
which reduced the response (peak height) and consequently the 
sensitivity; thus detection limit of ETU was reduced. 
However, because the deri vati ve peak (k' = 0.8) (Table 3.15) 
would be interfered with co-extractive peaks this eluent (80:20) 
is not suitable. 
These lower spiked levels (below detection limit) of ETU which 
were detectable in extracts (of crops) are similar to the 
previously reported GLC methods (0.005 Vg/g to 0.01 Vg/g, 
pp. 34-43) and better than some of the HPLC methods (0.025 Vg/g;51 
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0.02 Vg/g ). 
(IV) Application of extraction method and the analytical HPLC 
methods in the collaborative study 
The suitability of the above extraction procedure and the ana-
lytical techniques were compared by taking part in a collabo-
rative study involving six laboratories, including Loughborough 
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University of Technology. Tinned celery and blackcurrants (in 
syrup) were spiked with ETU. 
The suitability of both the extraction method and the ana-
lytical method was confirmed, as the results obtained from the 
present established methods (direct and derivatisationmethod) 
lay in the range of the other laboratories which used GLC 49 
(Table 3.31). The recovery by the direct method was 78 or 87% 
and by the derivatisation method 84 or 91%. Advantages of the 
present p-nitrophenyl derivatisation method are that the whole 
procedure is easier, less cumbersome, and much faster than 
the GLC method. 
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C H APT E R 8 
Interaction of ETU with microorganisms and soils 
8.1 ETU and selected microorganisms interaction 
The previous reports (see page 20 ) of microbial induced degra-
dation in water32 ,38,102 and in soils l03 and the possible 
effects of organisms on plant surfaces (Chapter 6) required an 
evaluation of any effects of specifically selected micro-
organisms in pure cultures. 
The organisms were selected to represent free living organisms, 
. 210 -212 including some reported to degrade eLther EBDCs or 
DIDT212: (a) B. megaterium, (b) Ps. aeruginosa, (c) As. niger, 
(d) P. chrysogenum; or which specifically attack 213 carbon-
sulphur linkages, i.e. (e) C. violaceum and (f) Pr. vulgaris. 
(I) Stability of ETU in water and medium 
In order to be certain that the experimental conditions did not 
degrade ETU, a range of ETU solutions (0.1, 10, 50 ~g/ml) in 
water or in the medium were autoclaved (120oC for 20 mins) 
(Table 3.32). The results indicated that no significant loss 
of ETU (analysed by direct method on HPLC) occurred under 
these conditions. 
(11) Effect of ETU on growth of organisms 
Initially minimum inhibitory concentration (MIC) was deter-
mined and this (MIC) is defined as the minimum concentration 
of a chemical (in the media) which appears to inhibit the growth 
of the organisms. It is important to deduce the MIC values, 
since it becomes a guide to the concentrations of the chemicals 
above or near which they should not be used, if growth of 
organisms is an essential part of the study. 
A range of ETU solutions in defined glucose medium (G) and 
Sabouraud medium (5) were inoculated with micro-organisms and 
the optical density (OD at 650 nm) was monitored. Growth 
occurred (Fig. 3.51) up to the MIC value of ETU of 2.4, 2.4, 
1.5 ,1.4 , 0.5 and 0.45% w/v (Table 3.33) for B. megaterium, 
Ps. aeruginosa, As. niger, P. chrysogenum, C. violaceum and 
Pr. vulgaris. ETU at or above 2.4% w/v was found to precipi-
tate out of solution. Similar MIC values (_ 2000 ppm = 2.0% 
w/v of ETU) for M. fructicola and A. solani has also been 
claimed previously. 13 These results suggest that ETU, above 
the MIC values is toxic to the above micro-organisms. This 
is supported by other reports, in which ETU (levels not stated) 
was claimed to be mildly toxic to both As. niger and P. 
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chrysogenum. 
The controls containing ETU from 10-6% to 2.5% in water in the 
presence of organisms showed no growth (OD = 0) (curve AO, 
Fig. 3.51), indicating that ETU could not be used by the orga-
nisms as a sole source of carbon and nitrogen. This was con-
firmed by the analysis on HPLC, by the direct (HPLC) analysis 
method, of the ETU of all the growth solutions, which showed 
no significant change in the ETU concentration after 48 hours 
and after seven days (Table 3.34a - 3.34f). The stability of 
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ETU (at 0.01 vg/ml) in the cultures containing Ps. aeruginosa 
was also confirmed using the p-nitropheny1 derivatisation 
method (Table 3.34a (2)*). 
The possible degradation of ETU (50 or 100 vg/ml) by each of 
the above organisms was investigated in the defined glucose 
medium (G) at 300 e (bacteria) and in Sabouraud medium (S) for 
As. niger and P. chrysogenum at 2s oe (fungi). A temperature 
of 2soe was used for the growth of fungi, because it had been 
reported21s by the others that the growth of these organisms 
may be retarded at a temperature above 2soe. 
In defined glucose medium (Figs. 3.52-3.57), there was a steady 
increase in the OD over 112 hours, both in the presence (curves 
b) and absence of ETU (curves a), indicating that growth in 
these media was taking place. In each case the rate of growth 
and overall growth of the organisms in defined glucose medium 
(G) was lower in the presence of ETU (100 ppm) (curves b) than 
when ETU was absent (curves a) showing some inhibition of the 
growth of the organisms (Figs. 3.52-3.57). 
Experiments were also performed using Sabouraud's medium (S). 
Similar behaviour of ETU-inhibition on the growth of As. niger 
and P. chrysogenum, in Sabouraud's medium (S) was observed 
(curves hand i, Figs. 3.54 and 3.55). 
The results (Tables 3.35-3.40) of the analysis of ETU by HPLe 
showed no change in ETU levels of these growing cultures after 
one hour, 24 hours, 112 hours and after seven days. This 
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suggests that ETU is not acting as a carbon or nitrogen source 
and is stable under these experimental conditions. However, 
the presence of carbon (e.g. glucose) and nitrogen sources (e.g. 
ammonium salts or casamino acids) in the medium could have sup-
pressed the use of ETU by catabolite repression. Consequently, 
by using defined glucose free medium, the possible use of ETU 
as a major carbon source was investigated. Considerable 
decreases in the rate of growth of organisms in both the 
absence (curves c) and presence of ETU (curve d) (Figs. 3.52-
3.57) were observed and suggested that carbon was probably 
unavailable from ETU. The restricted growth suggests that car-
bon source was limited and was possibly available from thymine, 
casamino acids or endogenous stores. 
The limited availability (curves e and f, Figs. 3.52-3.57) of 
nitrogen in ETU, for growth, was further confirmed by growing 
the above organisms (a to f) in defined glucose medium plus ETU 
(50 ~g/ml) but in the absence of major nitrogen sources (thymine 
and casamino acids). 
The rates of the growth of different organisms (a to f) were 
even lower (curves e, f and g) in the absence of one or both 
of the nitrogen sources than in the defined glucose medium 
(Figs. 3.52-3.57), suggesting that the nitrogen source, which 
is required for rapid growth, possibly comes from casamino 
acid and thymine. 
The growth or organisms (Figs. 3.52-3.57) was relatively 
higher in the defined glucose medium (G) minus thymine 
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(curves e) than either in medium (G) minus casamino acids (curves 
f) or in medium (G) minus cas amino acids and minus thymine but 
in the presence of ETU (curves g), indicating that carbon is more 
readily available from cas amino acids than from thymine and 
apparently none from ETU (Figs. 3.52-3.57). 
The non-availability of nitrogen from ETU was further confirmed 
by adding ammonium nitrate to the defined glucose medium (G) 
containing ETU but no thymine and casamino acids. The absence 
of growth (OD) in curves ~ and Y (Fig. 3.58) suggest that the 
nitrogen was unavailable in defined glucose medium (G) minus 
casamino acids and thymine or from ETU, but is available from 
ammonium nitrate (present at the start) as deduced from the 
rapid increase in the OD of the growth solutions (curves ob , 
Fig. 3.58) or after the addition of ammonium nitrate (when it 
was absent at start) (curve o-a-d). Theavailability of nitro-
gen from ammonium nitrate was confirmed when no significant 
change in the OD was observed (part b,c or d,e, Fig. 3.58) 
i.e., when all the ammonium nitrate had been used up or when 
the growth recommenced after the second-time addition of ammo-
nium nitrate (curves c-Al, Fig. 3.58). After three days 
incubation the analysis by HPLC of the growth solutions for 
ETU showed no significant change in ETU concentration 
(Table 3.41). 
As the degradation of ETU may also be suppressed by the pre-
sence of only a limited number of micro-organisms, a very 
dense population of one type of organism was resuspended from 
the growth solutions of defined glucose medium (G) into 
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defined glucose free medium plus ETU (20 ml, 20 llg/ml) (Table 
3.42). This experiment was used to investigate the availa-
bility of the carbon source from ETU. 
The results (Table 3.42) showed no significant change in OD 
(over 96 hours), suggesting the non-availability of carbon 
from ETU. After 72 hours, the concentration of ETU in the 
growth solutions remained unchanged (Table 3.43) when analysed 
on HPLC, thus confirming that even in the dense cultures, the 
organisms were unable to use the carbon from ETU. 
The effect of enzymes on ETU after disrupting the cells of 
Ps. aeruginosa by ultrasound was investigated, as it had been 
suggested elsewhere l60 that enzymes may bind or degrade the 
ETU. 
After leaving the ETU (20 ml, 20 llg/ml) and the cell free con-
tents of Ps. aeruginosa for 72 hours, again no significant 
change (Table 3.44) in the ETU concentration was observed by 
HPLC, confirming all the above findings. 
It may be noted from the above results that the value of OD for 
the growth of organisms was usually high, when the cultures 
were shaken (Figs. 3.52 to 3.58) compared to those of the cul-
tures which were unshaken (Fig. 3.51). This was probably 
because all the organisms from the shaken solutions (in their 
cultures) could get relatively equal amount of oxygen, whileonly 
the organisms near to the surfaces of unstirred solutions got 
maximum oxygen. 
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The effects of ETU on micro-organisms clearly does not support 
the microbial degradation of ETU, which had been claimed by 
other workers,32,38,102,103 but confirms the present work done 
on ETU and soils (Chapter 8, Section 8.2). 
These results (non-microbial degradation of ETU), however, are 
supported by later reports, which claim that ETU did not degrade 
in the presence of a number of organisms, which include: 
Pseudomonas species, As. niger, M. fructicola, A. solani and 
R 1 · 36,210,212 . so anL. It appears, therefore, that any loss of 
ETU on crops and/or soils, with time, probably is due to photo-
lytic reactions, chemical reaction, or to the binding of ETU 
to the parts of the systems inaccessible to the extraction pro-
cedures (see also pp. 14-23). 
8.2 Soil and ETU interaction 
Although the study of interactions of ETU with micro-organisms 
(Section 8.1) had not demonstrated any microbial degradation of 
ETU, possible effects on ETU of micro-organisms inherent within 
different soils was investigated (see below). These evalu-
ations are important because previous workers 32 ,38,l02,103 had 
reported relatively faster degradation of ETU in non-sterile 
than in sterile soils and water samples. 32 ,38,l02,l03 The 
present study compared the loss of ETU on air dried soil samples 
of five different types with the same soils, which had been 
sterilised (also previously air dried) by heating at 1600 C for 
two hours. 
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sterilisation by carbon disulphide,216 formaldehyde,217 and 
sodium N-methyldithiocarbamates, which degrades to methyl iso-
thiocyanates 218 were also considered. These chemicals had 
drawbacks and these were: (i) carbon disulphide has been 
216 
reported to be inefficient in moist or heavy clay soils 
(soils used in the present study); (ii) formaldehyde may 
react with ETU, which is added to the soils;218 (iii) and 
sodium N-methyldithiocarbamates may also produce additional 
methyl isothiocyanate which could be hazardous. 218 
Since degradation of ETU may also be due to photolysis,38,53,lOl,102 
the present study was conducted in the dark. Samples of ETU 
(in water) were placed onto duplicate sterilised and non-steri-
lised columns containing soils, sand and eluted with water at 
set times. 
Preliminary experiments were undertaken to determine: back-
ground interferences due to materials already present in the 
soils; the stability of ETU to air-oxidation; and the volume 
of solvent required to remove all the undegraded ETU from the 
soils. Because soil washings were fairly "clean" (on exami-
nation by HPLC), a complex extraction procedure was deemed 
unnecessary. 
The levels of ETU used in this study were well above the residue 
levels and were therefore analysable with ease using simpler 
direct HPLC method. The washings from the soils (to which ETU 
had not been added) as controls - showed no interferences (i.e. 
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ETU was not detected) at or near the retention time of ETU 
(Tables 3.45 and 3.46). The effect on ETU on columns packed 
with sand was also examined as a control, since the sand is 
free from organic material but still could show any effects 
due to the exposure of ETU to the solvent in air or handling of 
the washings. 
After leaving ETU on soil columns for 24 hours, the trial volume 
of eluent required to remove all the undegraded ETU was deter-
mined by successive washing with 5, 5 and 15 ml water (Table 
3.45) and then with a further 15 ml of water after 48 hours. 
The results (Table 3.45) for both sterile and non-sterile soil 
samples showed that some (but not all) ETU could still be 
eluted after 24 hours and that, for the size of the column 
used, the volume of water required to elute all the undegraded 
ETU was about 40 ml. 
As sand gave no losses of ETU (Tab'es 3.45 and 3.46; last 
column) the loss of ETU on different soils must then be due to 
interaction between ETU and those different soils. 
The study was then repeated, except that after 24 hours a 
single washing with 50 ml of water (Table 3.46) was used to 
elute all the free ETU that had been added to the top of the 
soils. 
The total higher percentage (mean) recovery of ETU (after 24 
hours) from the non-sterilised soils compared to the sterilised 
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soils (Table 3.46) showed that, in this short-term study, there 
may not be any microbial degradation of ETU. Further washings 
with 15 ml of water after 48 hours showed practically no further 
ETU from the unsterilised soils and only traces of ETU could be 
seen from the sterilised soils. Further washings with 15 ml 
of water (after 48 hours) showed no ETU in the either soil 
(Table 3.46). The mean overall percentage ETU recovered from 
sterilised soil (e.g. type I, 53.4%) was typically much smaller 
than, or similar (e.g. type IV) to that from the non-sterile 
soils (type I, 79.7%; type IV, 73.8%) (Table 3.46). It 
therefore appeared that in either soil, the remainder of the 
ETU, which could not be washed off, was either permanently 
absorbed (inaccessible to solvent), possibly due to a 
change in the structure of the soils and therefore their 
physical properties) or had been degraded. Similar claims 
of permanent absorption/adsorption or degradation of ETU on 
. 32 36 38 39 102 103 
s011s has also been reported. ' , , " Lower 
recovery from sterile heat treated soil suggested that the 
soil surface might have been activated, which increased the 
adsorption of ETU. This is supported by other reports, in 
which they claimed that heat may bring about the changes in 
the structure of soils by either decomposing the organic matter 
or by changing soluble constituents of soils. 219 ,220 This is 
despite earlier reports, in which it was claimed that degra-
dation of ETU decreases in dried soils compared to the wet 
soils. 36 This difference in the rate of recovery of ETU from 
soils suggests that if limited washings had been used, the 
slower release of ETU from non-sterile soils (1st 10 ml) 
(Table 3.45) could erroneously suggest greater degradation. 
--------- -----------
These present results, however, contradict previous study by 
others,32,38,102,103 who observed faster degradation of ETU in 
non-sterile soils or in ditch·,watEr , than in the sterile samples 
of the same material. However some of the previous 
studies 32 ,38,102 generally lasted many days (4-30) and the 
decrease in ETU concentration in these systems may also be due 
to chemical reactions,96,97 or photolytic reactions in the 
.. 38 53 101 102 presence of a natural photosens~ t~sers .' , , In these 
soils different inherent mixed populations of micro-organisms 
may be present, which may degrade ETU, compared to the present 
soils. Additionally in the present study, because practically 
all the soils (packed in columns) is devoid of oxygen, the 
inherent micro-organisms in them may not be so active compared 
to the soil in open fields. Another reason why no microbial 
degradation of ETU was observed (in non-heated soils), in the 
present study, was probably because air drying of the soils 
(prior to column packing) has been claimed to partially steri-
lise the soils. 22l 
32 38 102 103 . However, the above workers ' , , d~d not produce any 
results in which specific micro-organisms were used to degrade 
ETU, and in the case of Kaufman l03 details of the experiments do 
not appear to have been published. 
To test the system further, organisms isolated from one of these 
unsterilised soil samples (IV), which were incubated to make 
"natural" mixed cultures, did not significantly degrade ETU over 
a seven day incubation period (Table 3.47), supporting similar 
previous reported observations. 36 
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To conclude, therefore, it seems unlikely that microbial 
degradation of ETU occurs in these soils (I-V). The differ-
ence in the total ETU elution from the sterilised and non-
sterilised soils is probably due to the change in the structure 
of the soils on heat treatment. 
CON C L U S ION S 
The ability of ETU to react with phenacyl halides (to give 
imidazoL2,1-Q1thiazoles, suggests that ETU can behave as a 
weak acid chemically. Despite earlier reports of problems in 
some cases in preparing the neutral bases from the corresponding 
salts, the phenyl, p-nitrophenyl, p-phenylphenylene and naphthyl 
derivatives of ETU were prepared and structures confirmed by 
elemental and spectroscopic methods. 
A chromatographic (HPLC) method was developed to assay ETU 
using imidazoL2,1-£7thiazoles. This technique gave more sensitive 
and selective results for the detection of ETU compared to the 
newly modified direct HPLC method of analysis. These methods 
were found to be suitable to determine the residue levels of 
ETU in both aqueous solutions and from crops. 
Both methods gave linear calibration over a wide range of 
concentrations of ETU using HPLC. The p-nitrophenyl 
derivatisation method was found to give better yield, sensitivity, 
and detection limit of ETU compared to the other derivatives. 
This derivatisation method also gave better stability, 
quantitative yield, sensitivity, selectivity and improved 
detection limit over some of the derivatisation methods used 
for GLC and the direct HPLC or TLC analyses. 
Both the direct injection and the derivatisation analaytical 
methods could be applied to the study of the degradation of 
ETU (or EBDC) on crops, biological media and soils. 
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Extraction and determinations of ETU in lettuces (following 
spiking or incorporation of ETU) suggested that: the crops 
should be sampled to contain realistic distribution of ribbed 
and leafy parts of the leaves; leaves should be coarsely chopped 
(and not whole washed or macerated treatments - prior to 
extraction) to get the highest efficiency of the recovery of 
ETU. Photolytic reaction of ETU, in the presence of the 
solvent's extracts of the lettuces, did not appear to occur, 
but ETU degraded rapidly in the extracts of the macerated 
leaves and in protic solvents. 
When lettuce leaves were sprayed with either ETU or EBDC's, 
although concentrations of ETU in the lettuces fell rapidly to 
undetectable levels, it took a longer time following application 
of the latter (EBDC's). This implies that EBDC's may degrade 
to ETU on the surfaces of the lettuces. 
ETU was taken up readily into the lettuces, which was grown 
in soil treated with ETU (or EBDC). Concentrations of ETU, in 
the lettuces, initially increased rapidly to a maximum and then 
decreased slowly to below detection level. Again it took a longer 
time for concentrations of ETU in the lettuces to reach 
undetectable values if EBDC's were applied rather than ETU 
application only, suggesting a slow and steady degradation of 
EBDC. 
Rate of uptake of ETU was faster if lettuces were grown in a soil 
of higher organic matter content than in sandy soil, suggesting 
the roots (of the lettuces) may be more affective in former soil. 
than in the latter type. It is, however, also possible that 
ETU may percolate faster through sandy soil. 
Neither interaction study of selected microorganisms or the 
microorganisms isolated from different soils suggested any 
microbial degradation of ETU. Because degradation products 
(such as Jaffe's base and imidazoline, and imidazolin-2-yl-
sulphonate) were too polar, they were not analysable on HPLC 
systems in the presence of the extracts of major interfering 
co-extractives of the crop-extracts, which also had similar 
retentions. 
Further work 
Determinations of ETU (at residue levels in aqueous solutions 
and in the presence of crops) need to be investigated using 
the HPLC and fluorescent detection of the naphthyl derivative 
(L). This method may even be more sensitive and selective than 
previous methods. It is also possible to use polarography 
and LCEC detectors to detect and assay p-nitrophenyl 
derivatives. 
Ideally there is a need for an analytical method, similar to 
the above, which can assay concurrently residue levels of ETU 
and most of its degradation products. 
This method may then be used to assay ETU from crops with only 
(possibly) single solvent extraction (without further partition 
or clean up). This is because the co-extractives will not 
interfere with the assay of ETU. 
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Sensitivity and selectivity could again be increased if ETU can 
possibly be reacted with either 2,4-dinitrophenylhydrazine 
(reagent for ketones and therefore may also react with thiones), 
, 
O-(p-nitrobenzyl)-NN-(disopropyl)-isourea (reagent for 
carboxylic acids), ninhydrin, 4-bromoethyl-7-methoxycoumarin, 
or fluorescamine (reagent for amines) to give UV absorbing 
fluorescent compounds. 
Ion-exchange liquid chromatography of the imidazoL2,I-E7thiazoles 
(or of some of the other polar degradation products of ETU) could 
also have been performed using alkylsulphonic acids (pH ~ 3.5) 
as counter ions on a reverse phase ODS-Hypersil column. 
ODS-Hypersil columns normally give better efficiency values 
than polymer columns, detection limi t for E'l'U may be lowered 
using former columns. 
The degradation of ETU could possibly be investigated by 
different sets of microorganisms and by mixed cultures of 
microorganisms. Because in the present studies only dry soils 
were used, it would probably be of value if natural soils 
(without any treatment) could be used. In addition shaken samples 
(ETU plus soils in large vessels) may avoid anaerobic conditions. 
Plant cells may be grown in tissue cultures and these could be 
used to investigate the possible degradation of ETU within plants. 
Alternatively, different solvents may be used to extract the 
plant materials. Each extract (or their mixtures) may then be 
used as cultures to degrade ETU. 
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Radiolabelled degradation products (either as l4c or 35 S ) may 
be used to investigate degradation products of ETU (on TLC) in 
plant or soil studies. Similarly EBDC's may also be labelled 
(l4C or 35s) and used to investigate its metabolism in plants 
or soils using TLC. 
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